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INTRODUCTION 
An understanding of the factors involved in the inter­
action between roots and other components of their environment 
should be of economic interest in practical agriculture. The 
possible production of substances that are toxic, stimulatory, 
or essential to other plants, and to parasitic, saprophytic, 
or symbiotic microorganisms, and the importance of these 
to intercropping and crop rotation can be readily imagined. 
Also root interactions of crop mixtures are of academic 
interest in ecological investigations relating to plant 
dominance and succession, physiological work in root permea­
bility, metabolism, and growth. Such root interactions are 
of further interest in microbiological studies on the incidence 
and function of parasitic and non-parasitic fungi, bacteria, 
nematodes, and other organisms in the neighborhood of the 
root. 
The concept that crop mixtures buffer against disease 
losses was suggested, at least, as early as 189 8 (Atkinson, 
1900). Many studies have been reported involving crop mix­
tures of different genotypes, but only a few considered the 
disease factor (Browning and Frey, 1969). In some cases when 
disease influence was known to be a factor, such as in the 
studies of Pfahler (1965) , it was not reported. These very 
few studies, moreover, have dealt mainly with airborne patho­
gens, such as the rusts, and comparable studies on root 
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pathogens are lacking. For the majority of soil inhabiting 
fungi, the complex relationships involving stimulation of 
soil inhabiting fungi by roots of host plants have hardly 
been analyzed (Robertson, 1968). 
Hence, detailed studies are necessary to examine the 
interrelationships between plant pathogens and other rhizo­
sphere organisms, and to explore the possibility of utilizing 
beneficial rhizosphere effects of different crop plants and 
their mixtures to stimulate organisms antagonistic to root 
pathogens. This should result in preventing pathogenic soil 
fungi from building up to epiphytotic proportions. 
In this study, I have investigated the incidence and 
severity of disease development in different blends of 
isogenic oat lines resistant and susceptible to K. victoriae, 
and the factors, if any, that affect the epiphytotic develop­
ment of this fungus among the roots of the different plant 
communities. 
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REVIEW OF LITERATURE 
Victoria Blight and Helminthosporium victoriae 
H. victoriae Meehan and Murphy is a relatively "new" 
fungus first isolated from oats and timothy seeds in 1944 
(Meehan and Murphy, 19 46). 
Circumstances in which a "new" pathogen may evolve in 
response to a new crop genotype, or where the incidence of 
a pathogen is correlated with plant population structure are 
not uncommon (Johnson, 1961; Yarwood, 1970). Precisely, 
this was the case with H. victoriae• The replacement of 
Avena sativa L. cv. Richland with cultivars derived from 
crosses with Victoria, such as Richland-Victoria derivatives 
that occupied, in 1945, well over 90 per cent and 50 per cent 
of the total acreage planted with oats in Iowa and the USA, 
respectively, resulted in crop losses estimated to be as high 
as 32 per cent by 194 7, due to Victoria blight, the oat 
disease caused by H. victoriae (Stakman and Christensen, 1950) . 
Thus, the selection of oats with the Victoria-type resistance 
to rusts, unconsciously resulted in selection of varieties 
susceptible to H. victoriae, a pathogen previously unknown. 
Resistant Bond derivatives were quickly introduced to replace 
the susceptible Victoria lines, with the result that by 1949, 
Bond acreage rose from 0.05 per cent in 1945 to 98 per cent 
in Iowa (Stakman and Christensen, 1960). 
The hypothesis of a gene with pleiotrophic effects was 
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first used to describe the simultaneous susceptibility to 
H. victoriae and Victoria-type resistance to Puccinia 
coronata, the crown rust pathogen, by Litzenberger (1949). 
The belief was that the same or similar toxin from victoriae 
affected susceptible plants in a manner beneficial to H 
victoriae(a facultative parasite) and disadvantageous to the 
rust (an obligate parasite). This view is no longer popular 
since the gene for resistance to rust was successfully sepa­
rated from that for susceptibility to H_. victoriae (Luke et , 
1960) . Evidence has mounted that susceptibility to H. 
victoriae in oats is controlled by a single dominant gene 
(Finker, 1953; Rivers, 1959; and Welch and Peturson, 1954). 
Modifying factors may be involved (Luke and Pfahler, 1962) , 
and Konzak (1956) suggested a "nest" of closely linked genes 
inherited as a single segment. 
Several pathological aspects of the plant-pathogen 
relationships have been studied. The fungus has been isolated 
from a number of grasses in Iowa,- and it may occur as a 
saprophyte or weak parasite on them (Meehan, 1950; and 
Winstead and Hebert, 1956) . Some plants other than Victoria-
type oats or Avena spp. are invaded to some extent by H. 
victoriae (Wilson, 1956; Wilson and Murphy, 196 3; and Winstead 
and Kebert, 1956), and even resistant oat plants may be 
invaded slightly (Cowing, 1952; and Paddock, 195 3). 
It is believed (Pringle and Scheffer, 1964) that the 
fungus or its close relatives were endemic in the Midwestern 
USA before the introduction from South America in 19 27 of the 
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Victoria line on which it is virulent. Tveitt (1956), 
however, suggested that H. victoriae was introduced from 
Brazil with oats brought to the USA for breeding purposes. 
Although now effectively controlled by means of re­
sistance, Victoria blight and its causal organism are still 
the center of several research efforts (Black, 1962; Lindberg, 
1969; Luke and Wheeler, 1955; Pringle and Braun, 195 7; and 
Pringle and Scheffer, 1964) . While Helminthosporium victoriae 
Meehan and Murphy is the name of the imperfect and the most 
prevalent pathogenic stage of the fungus, its perfect stage, 
Cochliobolus victoriae Nelson, has been discovered (Nelson, 
1960). It may be soil or seed-borne (Meehan, 1950; and 
Murphy, 1946), but soil-borne inoculum is now of greater 
significance since it was shown (Amy and Lab en, 1956; and 
Whitehead and Dickson, 1948) that seedling blight is 
effectively controlled by seed treatment. 
Temperature and moisture requirements for epiphytotic 
development of Victoria blight have been studied. A higher 
temperature of 28 C was found (Whitehead and Dickson, 194 8) 
to be more favorable than a lower temperature of 16 C. Similar 
results were found by Hassan (19 56) who reported that soil 
temperatures above 31 C produced more seedling infections by 
the fungus, and by McKinney (1923) who demonstrated that 
temperatures between 2 8 and 32 C favored a wheat disease 
caused by sativum, a fungus that is closely related to 
H. victoriae (Brown and Miller, 19 54; and Luttrell, 19 55). 
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Moisture requirements have been studied less critically, but 
high moisture levels have been shown (Brown and Miller, 19 54) 
to be most favorable for disease development. 
A lot of investigations have dwelt on the physiology of 
resistance and susceptibility of host plants to H. vietoriae. 
Meehan and Murphy (1947) were the first to apply cell-free 
culture filtrates of the fungus to intact roots of both 
resistant and susceptible oat seedlings. They found that 
susceptible seedlings were killed by culture filtrates diluted 
90 times. The method introduced by Pringle and Braun (1957) 
is still the only simple and reliable, though conservative, 
bioassay method for the victorin toxin developed so far. Also, 
Fries modified nutrient solution of Luke and Wheeler (1955) 
is the best culture medium found to date for toxin production 
by the fungus. 
It is no longer doubted that victorin is a host-specific 
toxin. Disease symptoms may be induced by victorin per se 
or by the fungus, and its strong toxicity and selective 
nature are other characteristics of H. victoriae toxin that 
qualifies it as a host specific toxin (Meehan and Murphy, 
1946). An additional factor in its favor is the finding 
(Luke and Wheeler, 1955; and Scheffer et ^. , 1964) that 
toxin producing ability of different isolates of the fungus 
could be correlated with their pathogenicity. A finding that 
is particularly impressive is that of Scheffer e^ a^. (196 4) 
who reported that of 10 0 isolates derived from a single 
7 
ascospore, 20 produced no toxin and were nonpathogenic, while 
80 isolates produced toxin and in every case were pathogenic. 
What is in doubt, however, is the biochemical and 
physiological mechanism by which H. victoriae or its toxin 
produces disease. This is true in spite of the numerous 
investigations that have been conducted on this subject 
(Luke e;t al. , 1966; Novacky and Wheeler, 1970; Pringle and 
Scheffer, 1964; Ramanko, 1959; Wheeler and Black, 1962; and 
Wheeler e^ a^., 1965) . This area is currently the most 
actively investigated aspect of the disease. The knowledge 
emerging from these studies is informative, but several 
findings are conflicting and inconclusive. For example, 
Scheffer and Pringle (1964) gave some indications that 
victorin is removed from solution by susceptible tissues, but 
not by resistant tissues- The conclusions reached by Ramanko 
(1959) were different. He showed that resistance to toxin 
depends on the superior ability of resistant plant tissues 
to inactivate toxin. A third explanation that has been given 
for the differential response of resistant and susceptible 
tissues to victorin is that resistant tissue may lack toxin 
receptors (Pringle and Scheffer, 1964). This view is no 
more popular than the others, as none has been completely 
substantiated. 
But net all aspects of the toxin and the disease it 
causes are in doubt. Victoxinine, with a formula 
was first isolated by Pringle and Braun (19 58) from pure 
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toxin. This compound, which also may be produced by H. 
carbonun Ullstrup (the causal organism of southern corn leaf 
blight), is now believed to be a precursor of victorin or 
the toxic moiety of victorin (Braun and Pringle, I9 60; and 
Pringle and Scheffer, 1970). Well known, also, are the effects 
of victorin on the physiological functions and cytological 
structure of plant cells. Plants infected with H. victoriae 
or treated with victorin respond with an increase in respira­
tion (Grimm and Wheeler, 1963). The toxin causes loss of 
cellular materials that reflect permeability changes in cell 
membranes (Wheeler and Black, 1962). Very dilute culture 
filtrates can cause permeability changes that are expressed 
earlier than other measurable responses to toxin (Wheeler 
and Black, 1963) . Leachates include several forms of nitrogen, 
carbohydrates, amino acids, sodium, phosphorus, and potassium 
(Black, 196 3). Membrane permeability changes may be a primary 
effect of toxin that could result in changes in respiration 
(Black, 196 3). 
Plant Exudates and Root-Infecting Fungi 
Resistance may depend, in part, on events that occur 
before the plant becomes infected. It is reasonable to 
expect that resting propagules of pathogens in the rhizosphere 
will not penetrate host roots without germination. Exudates 
could act by decreasing (or increasing) inoculum potential 
that has been defined by various workers (Garrett, 1960b; 
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Horsfall, 1932; and Zentmyer , 1944) . The role of 
plant exudates in increasing microbial activity around roots 
has long been recognized, and the literature on the subject 
is extensive. Comprehensive reviews on the sources and 
nature of plant exudates have been made (Rovira, 1965; Schroth 
and Hildebrand, 1964; and Woods, 1960). Also, detailed 
accounts of studies of rhizosphere and rhizoplane microflora 
have been given (Clark, 1949 ; Katznelson e^ a^. , 1958; 
Lochwing, 19 37; Park, 195 3; and Sadasivan and Subramanian, 
1960). 
Many reports suggest that the array of such commonly 
occurring substances as amino acids, sugars, and organic 
acids in root exudates differ greatly among species. Exudates 
from three pea cultivars, which differentiated between three 
physiological races of Fusarium oxysporum, affected the 
germination of spores in the three races differently (Buxton, 
1957a). Timonin (1941) demonstrated the differential effects 
on rhizosphere fungi of by-products from roots of two flax 
cultivars. And substances stimulating the hatching of 
potato eelworm cysts were shown excreted by potato roots but 
not by roots of beet, rape, lupin, mustard, or oats (Obrien 
and Prentice, 19 30). 
However, Schroth and Hildebrand (1964) believed that 
many of these differences may possibly arise from experi­
mental procedures. For example, three independent studies 
(Katznelson et al., 1955; Parkinson, 1955; and Rovira, ISSSa) 
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on exudation of amino acids from oats reported different 
results. However, it is to be expected, and it has been 
found, that the composition of root exudates varies with the 
conditions of the test (Harley and Waid, 1955; Husain and 
McKeen, 1963; Katznelson et , 1954; and Katznelson et al., 
19 55), and at different stages of the plant's maturity 
(Rangaswami and Balasubramanian, 1963? and Rovira, 1959). 
Plant root exudates may be grouped broadly into two 
categories—those that are stimulatory to the growth of 
microorganisms and those that are inhibitory to them. Both 
of these aspects have been implicated in several investiga­
tions . Flax seedlings grown in sterile nutrient solutions 
excreted significant quantities of thiamin and biotin, 
explaining the presence in the rhizosphere of microbes which 
required these vitamins (West, 19 39). Cultures of excised 
pine and tomato roots produced an unidentified substance, 
factor "M", which promoted the growth of mycorhizal fungi 
in a medium containing salts, sugars, B-vitamins, and amino 
acids. The "M" factor was shown to be produced by a wide 
range of leguminous and non-leguminous plants (Molin and 
Rama Das, 19 54). 
Numerous reports indicate that many fungi germinate 
poorly or not at all in soil unless an external stimulus is 
provided by root exudates. These reports include representa­
tives from almost all classes of the fungi and their different 
forms (Buxton, 1362; Coley-Smith, 1960? Husain and McKeen, 
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1963; Macfarlane, 1952; Scharen, 1960; Schreiber and Green, 
1963; Schroth and Snyder, 1951; and Smoot et aA., 1958). 
Several reports indicate, however, that this phenomenon 
of exudate stimulation on the fungi is to a large extent 
nonspecific. Structures of the above and those of several 
other fungi (Schroth and Hendrix, 1962; and Turner, 196 3) 
were found to germinate in the rhizospheres or in the exudates 
of non-susceptible hosts. Also, the spores of non-pathogenic 
fungi, such as those of Mucor spp. and Rhizopus spp. (Katska 
and Macura, 196 3) , may germinate when exposed to root 
exudates, a fact which is believed to account for the findings 
of Harley and Waid (1955) , and Timonin (1940) that fungi occur 
primarily in an active vegetative state rather than as spores 
at the root surfaces. 
The fungi, however, have no monopoly on this stimula­
tory response, for other microorganisms, such as nematodes 
and bacteria, are influenced by root exudates. 
Substances which stimulate the hatching of potato eelworm 
cysts were shown to be excreted by potato roots (Calam et al., 
1949), and by roots of tomatoes (Obrien and Prentice, 1930). 
Attraction of bacteria and zoospores to plant roots is a 
common observation. Immersion of roots of various plants 
in a concentrated suspension of Xanthomonas oryzae Uyada and 
Ishiyama, caused the suspension to become clear due to the 
swarming of bacteria to the root surface (Wakimoto, 19 57). 
This phenomenon is believed to be induced partly by the 
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secretion of sugars, amino acids, or oxygen by plant roots, 
and is non-specific, since both host and non-host roots 
attract the bacteria. 
Studies and findings of inhibitory effects of exudates 
on microorganisms are equally numerous. Host resistance 
that resulted from host-root exudates toxic to soil microbial 
populations was implicated in the works of Buxton (1957a) and 
Timonin (19 41). The antagonistic effects of hosts on potential 
pathogens and even on other host plants have been detected 
on coats of seeds, seedlings, and roots. An antifungal factor 
from barley of possible significance in disease resistance 
has been implicated (Ludwig ejt , 1960) . In a study of the 
relationship of low-temperature fungi to winter survival in 
grasses and legumes, the occurrence of antifungal substances 
as normal constituents of a number of plant species was 
demonstrated (Virtanen e^ , 1957) . 2(3)-Benzoxazolinone 
was isolated from rye and shown to occur in sufficient quantity 
to explain the resistance of certain varieties to Fusariuir. 
nivale (Virtanen and Kietala, IS55). The occurrence of an 
antimicrobial substance in wheat and barley seeds has been 
demonstrated also (Ark and Thompson, 195 8). 
There is some, but limited, evidence to suggest that 
host leaf surfaces may contain materials inhibiting fungal 
development. An ether-soluble fraction was isolated from 
waxy surfaces of apple leaves and shown to inhibit the spore 
germination of Podosphaera leucotricha and Botrytis fabae 
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(Martin , 1957) . Similar materials have been shown 
to occur in the waxy leaf surfaces of a wide range of hosts. 
Cicer arietinum is known to secrete malic acid from glandular 
leaf hairs, and this substance was found inhibitory to spore 
germination (Hafiz, 1952) . Secretions and moisture film on 
leaf surfaces of different wheat varieties were found to 
depress germination of spores of H. sorokinianum (Van Helsen, 
1957) . 
Further evidence of the selective influence of exudates 
on soil microflora comes from studies with bacteria. Examina­
tion of the microflora around wheat, corn, and flax showed 
that exudates from each of these crops inhibited the growth 
of Azotobacter and other bacterial groups under artificial 
conditions and in soil (Krasilnikov, 19 61). Also, exudates 
from peas and alfalfa were inhibitory to Azotobacter chroo-
coccum, Pseudomonas fluorescens, and certain Rhizobium spp. 
(Krasilnikov, 19 61). Antibacterial substances in seed coats 
and their roles in the infection of sweet peas by Coryne-
bacterium tumefaciens have also been implicated (Jacobs and 
Dadd, 19 59) . Also, Clayton e^ (19 44) showed that the 
use of corn in a tobacco rotation resulted in the production 
by corn roots of substances inhibitory to bacterial wilt 
organisms of tobacco. 
The principle of the secretion of toxic substances has, 
however, beer, labeled unsound (Lochwing, 13 37) . In his 
review on root interactions, Lochwing (19 37) states that many 
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early reports on secretion of toxic substances by roots were 
inaccurate and that inhibitory and injurious effects of such 
substances on microorganisms, or on other plants, were due 
to factors such as nitrogen unavailability and detrimental 
effects on soil structure. The literature, however, contains 
several demonstrations of toxic factors from roots as shown 
above. In fact, so universal and powerful is the influence 
of toxic root exudates that even certain plant species are 
adversely affected by toxic exudates from others. The roots 
of Agropyron repens were shown to excrete toxic substances 
that inhibited seed germination of winter rape, Taraxacum, 
and oats (Osvald, 194 8). Roots of Trachypogum plumosus were 
found to excrete unidentified toxic substances that inhibited 
seed germination and adversely affected subsequent growth of 
another plant, Tagetes minuta (Roux, 1953). Grass growing 
in apple orchards were found to exert poisonous action on 
apple trees (Aiyer, 1945) . And even for a rather extreme 
ecological situation, a study by Roy (1950) revealed that 
materials carried in irrigation water from plant roots were 
involved in varietal interactions in rice mixtures. Reviews 
of this subject have been written (Grummer, 1961; and Winter, 
1961) . 
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Pathogen Nutrition and Inoculum Potential 
The term "inoculum potential" was first introduced by 
Horsfall (19 32) who defined it as the number of infecting 
particles present in the environment of the infected host. 
Zentmyer and associates (1944) used the term to describe 
an equilibrium that may exist between the number of hosts, 
number of spores, randomness of host distribution, and weather 
factors. But Garrett (19 60a and 19 60b) was the first to 
link inoculum potential with the nutritional status of micro­
organisms. He defined it as the energy of growth of a 
pathogen available for infection of a host at the surface of 
the host organ to be infected. That pathogens require and 
use readily available sources of nutrients is the major part 
of his concept of inoculum potential. He suggested that the 
inoculum potential of the pathogen may be increased by an 
increase in the number of infecting units, or the nutritional 
status of ST.ch units, or both. 
The initial step in the chain of events leading to 
infection of a host in soil is usually the germination of 
spores, or resumption of growth or activity of some part of 
the thallus of the pathogen. The propagules of victoriae 
and many other fungi require nutrients for germination. 
Lockwood (1964) tested the ability of spores of H_. vi ctoriae 
and of several other fungi to germinate in a system imitating 
nutrient conditions around a spore in soil. He showed that 
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germination of washed conidia of the fungi tested was more 
or less prevented in distilled water, a phenomenon he 
interpreted in terms of nutritional deficiency. A signifi­
cant finding of his study was that spores of the fungi 
tested normally would germinate well in distilled water when 
removed from agar and tested unwashed. Sources of carbon, 
nitrogen, and a factor present in yeast extract were required 
for germination of spores of Fusarium solani (Cochrane e;t , 
1963). External sources of carbon compounds and nitrogen 
were required for germination of spores of F. roseum (Sisler 
and Cox, 1954), and F. solani (Griffin, 196 4) . 
The quantity and quality of nutrients affecting inoculum 
potential and pathogenicity have been documented widely. 
Toxin production by H. victoriae is influenced by the quality 
of amino acids in the growth medium (Berry and Futrell, 19 61). 
Saprophytic activity and survival of Rhizoctonia spp. may be 
increased by substrate enrichment with nitrogen (Papavizas 
and Davey, 1961). Inability of soil solutions to support 
germination of conidia of certain Fus arium species was over­
come by the simple addition of as little as 5 ppm nitrogen 
(Griffin, 1964) . Maurer and Baker (1965) established that 
C/N ratios greater than 25/1 significantly suppressed synrotoms 
of bean root rot. This led Baker (196 8) to suggest that 
nitrogen may be available tc microorganisms in concentrations 
limiting pathogenicity. 
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Growth factor requirements of several fungi, particu­
larly the mycorrhizal fungi, have been well documented. 
Media containing salts, sugars, B-vitamins, and other supple­
ments were shown to promote the growth of mycorrhizal fungi 
(Melin and Rama Das, 1954) . The growth of Venturia inaequalis 
in a liquid medium containing mineral salts and glucose was 
enhanced greatly by the addition of vitamins (Fothergill and 
Ashcroft, 1955). Alcohol has been implicated in the formation 
of rhizomorphs by Armillaria mellea (Weinhold, 1963). 
Even if specific nutrients are not always important for 
germination and growth, they may be important as initiators 
of metabolic changes in the fungus, or for the production 
of intracellular metabolites that determine susceptibility 
or resistance. Favorable sources of nitrogen were necessary 
for infection of many beans by Pythium aphanidermatum at low 
inoculum density (Kraft and Erwin, 196 8). Sclerotium rolfsii 
may not function as a pathogen on peanuts unless the soil 
contains a supply of organic matter (Boyle, 1956). As little 
as 0.0005 M of glucose may repress cellulose synthesis by 
Pyrenochaeta terrestris, whereas as much as 0.005 M of 
hexose supplement may stimulate the synthesis of endo-
polygalacturonase but inhibit synthesis at 0.05 M (Horton 
and Keen, 1966a). Free sugars as well as polysaccharides 
may participate in the regulation of polysaccharide-degrading 
enzyme production (Horton and Keen, 1966b). 
This hypothesis, that free sugars are involved in the 
regulation of plant disease development, has been documented 
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extensively (Albersheim et al., 1969; and Patil and Dimond, 
1968). Thatcher's (1939) well-known nutritional hypothesis 
is based largely on these factors. He believed that nutrients 
freely available to the invading parasite would result in 
susceptible reactions, whereas marked decreases would limit 
pathogenicity sharply and result in resistance. 
All of these suggest that pathogens can take up and 
utilize nutrients and that supplemental nutrients can be 
obtained from the soil, prior to establishment within a 
host. 
Crop Blends Affecting Root Diseases 
Of the many studies involving crop mixtures, only very 
few have considered the disease factor. Browning and Prey 
(1969) recently emphasized this point in stating that disease 
influences sometimes were not even reported, although they were 
known to be factors (Jensen, 1952; Pfahler, 1965). It is 
equally evident from the literature that most studies on crop 
blends relating to diseases have centered mainly on the aerial 
pathogens, particularly the rusts (Browning and Frey, 1969; 
Cournoyer, 1970; Hutchinson and Ghose, 1937; Leonard, 1969). 
Nevertheless, there have been a few important investiga­
tions on crop blends affecting root diseases. In the work of 
Lavroka, cited by Schroth and Hildebrand (1964), infection of 
cabbage seedlings by Pellicularia filamentosa was reported to 
be reduced by sowing cabbage in combination with onions, garlic. 
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beets, or radish. Panama disease was shown to be cata­
strophic in effect on homogeneous commercial plantings of 
bananas, but of minor importance in mixed fields of bananas 
grown by small farmers (Simmonds, 1962). 
Other more carefully controlled investigations have 
yielded similar results. By planting susceptible seed with 
resistant ones, or by adding exudates from susceptible seed 
to soil in which resistant seed were planted, resistance 
broke down and the seed of the previously resistant variety 
of peas were invaded rapidly by Pythium debaryanum (Fientje, 
196 0). The seed of three bean varieties varying in suscepti­
bility to pre-emergence damping-off caused by Rhizoctonia 
solani and Pythium spp. were found to exude different 
quantities of ninhydrin-positive, silver nitrate-positive, 
and ultraviolet fluorescing substances (Schroth and Cook, 
1964). The variety most susceptible to damping-off exuded 
the greatest amount of these substances, whereas the least 
exudation occurred with the most resistant variety. These 
studies show that disease incidence in crop blends may be 
influenced by the amount of exudation. 
One of the most commonly cited and probably by far the 
best example of the practical application of the beneficial 
effects of crop mixtures involving a root disease is the 
Desi-Upland cotton mixtures of central India (Hutchinson and 
Ghose, 1937; Simmonds, 1962). In pure stands. Upland is a 
poor performer as it is attacked by diseases such as leaf 
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roll and red leaf, but improves in performance and is less 
attacked by diseases in mixtures with. Desi which is resistant 
to the two diseases. Desi, on the other hand, is susceptible 
to cotton wilt from which Upland is immune, and mixed stands 
of these two varieties appear to check the spread of cotton 
wilt, a root and vascular disease, in the Desi component of 
the blends in the early stages of growth. Observations on 
synthetic Desi-Upland mixtures (Sawhney and Narayanayya, 
19 41) showed that stability of performance of the mixtures 
from year to year, and from one locality to the other, was 
characteristic of the mixtures, differing in performance 
under different environmental conditions. 
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MATERIALS AND METHODS 
Oats and Alfalfa Cultivars 
The oat cultivar used in all experiments was Avena sativa 
L. cv. Acencao. Two series of isogenic lines were developed 
one midseason and the other early. X424 III and X423-107-29 
are lines in the midseason series, and X469-663 and X469-701 
are isogenic lines from the early series. No. X424 III is a 
H. victoriae-resistant selection from the cross C.I. 7555^ X 
Acencao (C.I. 7555 is Iowa oat line C649 from the cross 
Clintland^ 5 X Victoria 2 X Hajira X Banner 3 X Victory X 
Hajira 4 X Roxton). Line X423-107-29 is a H. victoriae-
susceptible selection from the same cross. With the exception 
of the 196 8 field experiment two, these two midseason lines 
were used in all experiments. 
The two oat lines used in the 196 8 field experiment two 
were in the early series. No. X469-663 and X469-701. Line 
X469-663 is a K. victoriae-susceptible (moderately suscept­
ible) selection from the cross C.I.7970° X Acencao (C.I.7970 
is Iowa oat line C2 37-89-III from the cross Clintland X 
Garry-5). Line X469-701 is a H. victoriae-resistant (moderate­
ly resistant) selection from the same cross as line X469-663. 
The alfalfa cultivar used was Medicago sativa L. cv. 
Ranger. 
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Storage and Preservation of H. victoriae Cultures 
The stock çulture of H. victoriae Meehan and Murphy, 
No. 12,566, obtained in 196 8 from the American Type Culture 
Collection, Silver Spring, Maryland, was maintained by storing 
it in sterilized soil (sandy loam) mixed with a few seeds 
(0.25 g of seeds/g of soil) of sterilized soaked oats in 
250 mm flasks. This is a modification of the method recom­
mended by Bakerspigel (1953) for maintaining cultures of 
soil pathogens without rapid loss of virulence and physical 
or physiological characteristics. 
Inoculum Preparation 
Inoculum used in all field and several greenhouse experi­
ments was prepared as follows. A mixture of greenhouse sandy 
loam soil (1 volume), quartz sand (1 volume), oat seed (1 
volume); and water (1.5 volumes) was placed in. 1 liter flasks 
(about 500 ml/flask), sealed with cotton plugs and aluminum 
foil, and autoclaved for 45 minutes at 120 C. On cooling, 
flasks were seeded with 25 ml of H. victoriae cell suspension 
culture. These were incubated in the dark at 25 C for 21 
days before being used. The fungus grew and sporulated 
throughout the medium. The use of this inoculum, referred to 
hereafter as "inoculum A", will be specified under the 
different experiments. The method described here is a 
modification of that used by Buchenau (1960). 
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Soil Fumigation 
Soil fumigation was done with methyl bromide according 
to the method of Newhall (1955). After soil preparation 
prior to planting, methyl bromide (Bromo gas) was sealed in 
the soil with polyethylene sheets for three days, and 
planting was done five days after removal of the plastic. 
Soil fumigation was used to eliminate local sources of H. 
victoriae inoculum and other microorganisms that may have 
been present in the soil. 
Seed Sterilization 
Non-dehulled seed 
Seed used for both field and greenhouse experiments 
were sterilized in a 2% available chlorine solution of calcium 
hypochloride for three hr, according to the method of Wilson 
(1915). A wetting agent (Tween 20) was added to make it up 
to 0.1%, and one volume of seed was mixed with three volumes 
of disinfectant in an air-tight desiccator. Seed were mixed 
by swirling the container around every 30 minutes. They 
were rinsed three times with sterile distilled water before 
drying in a clean ventilated chamber at room temperature. 
Dehulled seed 
Dehulled seed (from which seedlings for exudates were 
grown) were sterilized in a 1% available chlorine calcium 
hypochloride solution for only one hr, as longer periods 
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reduced germination. Germination of both dehulled and non-
dehulled seed was unaffected by sterilization as described 
above. Greenhouse seedling checks showed that about two and 
one per cent of non-dehulled and dehulled seed, respectively, 
were still infested with H. victoriae after sterilization. 
Sterile pre-germinated dehulled seed were prepared as 
follows- Seed were dehulled using an individual seed de-
huller as other methods, such as a commercial dehuller or 
Waring blendor, had too drastic an effect on the seed quality. 
Preparation of sterile pre-germinated seed from dehulled 
seed, when needed, was achieved by dehulling and sterilizing 
seed as described above, germinating them for 24 hr between 
sterilized moist blotters at 25 C, and then finally checking 
them for sterility in potato dextrose agar (PDA) cultures 
for 4 8 hr before they were used. Seed so treated were used 
in the H. victoriae rate-of-spread growth chamber experiment, 
and for growing seedlings for root exudates extraction. 
Growing of Seedlings for Root Exudate Extraction 
The method used is a modification of that of Rovira 
(1956a). Dehulled seed of the desired lines were soaked in 
sterile distilled water for one hr and then germinated between 
sheets of sterile filter paper moistened with sterile 
distilled water or plant nutrient for 36 hr at 25 C. At the 
end of this period, germinating seed with roots 3-4 mm long 
were selected and 10 of these transferred aseptically into 
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autoclaved 8 x 1-1/4 inch test tubes containing 30 ml acid-
washed quartz sand or vermiculite (Terra Lite brand) and 
plant nutrient. The plant nutrient solution, a modification 







KCl 7.0 9 
CaSO. 2.5 9 
MgSO^. 2.5 9 
Ca(204)2 0.5 9 
FePO^ 0.5 9 
KNO^ 2.0 9 
These salts were mixed and ground, and the nutrient solution 
prepared by dissolving 1.5 g of the mixture in 1 liter of 
distilled water. 
Seed were placed in test tubes that contained 30 ml of 
sterile sand or vermiculite and then topped with or buried 
under 5 ml of additional sterile sand or vermiculite moistened 
with nutrient solution. Tubes then were arranged in 20 x 26 
cm plastic crispers (in three rows of five tubes/row in each 
crisper) that were filled with greenhouse peat soil, so 
that seedling roots were kept in darkness. The crisper-
contained tubes were placed in growth chamber at 25 C with 
2500 ft-c of light and a 12-hr photoperiod. This condition 
produced vigorously growing dark-green plants. Fresh 
additions of sterile nutrient solution (5 ml/tube at a time) 
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were made on the 5th and 8th days, when tubes containing 
contaminated plants (.as revealed by diseased seedlings as 
well as by checks of isolated sand or vermiculite on PDA) 
were discarded. 
Root Exudate Extraction 
For chromatographic analysis as well as for all other 
tests involving the use of exudates, other than respiration 
and germination studies, seedlings were removed from tubes 
10 days after they were transplanted into the tubes. Roots 
were rinsed only and at no time were they immersed in washings. 
The washings were retained. Roots were separated carefully 
from shoots, wrapped in blotters, and dried at 33 C for 4 8 
hr for dry weight determinations. Sand or vermiculite from 
each tube was washed four times with 50 ml of sterile distilled 
water and all the washings, both from roots and sand or 
vermiculite, were collected. These washings were filtered 
through two sheets of î-Shatman No. 1 filter paper to free them 
of roots and other debris. Washings were further purified 
as shown below, depending on the tests for which they were 
intended. 
Extracts for chromatographic and other analyses were 
concentrated under vacuum to give 1 ml of extract for every 
10 seedlings. Extracts for H. victoriae spore germination 
and scierotia respiration studies were first filtered through 
a 2u clarifying filter, concentrated in vacuo to give 1 ml 
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of extract for every 10 plants, and then finally filtered 
through a 0.49y sterilized itiillipore filter before being used 
for the studies. Extracts for the growth of the fungus and 
victorin assay were treated as those for spore germination 
and other tests indicated above, with the modification of 
their being concentrated to give 5 ml of extract for every 
10 seedlings. All extracts (except those for the spore 
germination and sclerotia respiration tests which were used 
immediately after purification) were either kept frozen in 
plastic containers or mixed with 3-4 drops of chloroform 
and stored at room temperature during analysis. 
Exudates that were used for H. victoriae sclerotia 
respiration and spore germination studies were prepared by a 
modification of the method described by Johnson et a^. (1960). 
Sterilized dehulled seeds of the appropriate lines were germi­
nated for 24 hr between sterile blotters saturated with 
sterile distilled water. Twenty germinating seeds with roots 
1 - 2 mm long were selected for uniformity and aseptically 
transferred into 60 x 15 mm petri plates, between two sheets of 
Whatman No. 1 filter paper saturated with sterile distilled 
water. These were stacked up and covered in plastic crispers 
containing 2 ml layers of water to maintain a uniformly humid 
environment. They then were incubated under diffuse labora­
tory light conditions at 25 C for five days, when seedlings 
were separated from the filter papers, rinsed with sterile 
distilled water, and the washings retained. The filter papers 
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were blended in a Waring blendor with the washings from the 
seedlings. Extracts were obtained by squeezing the blended 
filter papers through six layers of cheese cloth and filtered 
through two layers of Whatman No. 1 filter paper. The 
extracts were further filtered through a 2\i clarifying filter, 
concentrated in rotary vacuum driers at 30C to give 1 ml of 
extract per 10 seedlings, and then finally filtered through a 
0.49y sterilized millipore filter before being used for the 
respiration studies. 
Desalting of Extracts 
Extracts contained a high concentration of inorganic 
ions that had to be removed since they are believed to 
interfere with chromatography by moving separately as anions 
and cations, thus creating local zones of acidity and alka­
linity (Block, 1952). For uni-directional chromatography 
for detecting sugars, 10 ml of extract, the amount of extract 
from 100 seedlings, was dried by blowing cool air over it in 
tubes. The residue was dissolved in 5 ml pyridine, cooled 
with ice crystals for 1 hr, and decanted. This extract was 
again dried as above and the process repeated once before 
spotting the extract in pyridine onto filter paper. 
Removal of inorganic salts from the extracts chromato-
gramed for amino groups detection was achieved by first 
absorbing all the cations on a cation exchange resin (Duolite 
C-3) in the K+ cycle, washing the resin columns with three 
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successive 10 ml portions of water, and eluting the amino 
acids into clean containers with two 2 0 ml portions of 2N NH^OH. 
The excess ammonia was removed by concentration under a 
stream of filtered cool air and the residue redissolved in 
butanol-acetic acid-water (50:10:10) for final spotting. 
Chromato graphy 
Unidirectional and bidirectional paper chromatography 
were used for the sugars and the amino acids, respectively. 
Whatman No. 1 filter paper was used for all the work. For 
the study of amino compounds, 80% phenol was the first solvent, 
with butanol-acetic acid-water (50:10:10) run in the second 
direction. The second solvent was allowed to run through 
the paper 22 hr to obtain better separation. A comparison 
of such paper with duplicates in which the butanol-acetic 
acid-water front had not reached the end of the paper showed 
that no substances were lost by running this solvent for 22 
hr. The standards used when testing exudates for amino 
acids were prepared by dissolving known pure amino acids 
in butanol-acetic acid-water solution. Identification of 
the constituents was carried out by comparing the spot 
intensities of root exudates material with those obtained 
when standard amino acids were added to the material. 
Sugars were separated using the following solvent 
system: ethyl acetate, pyridine and water (10:4:3 V/V/V), 
and allowed to run for 20 hr. Approximate estimates of 
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sugars present were made by running various standards con­
taining increasing sugar concentrations. The accuracy of 
each estimate vas increased by including one set of chromato-
grams containing a constant amount of exudates and increasing 
sugar concentrations. 
Development of Chromatograms 
For the amino compounds, the normal spray of 2% ninhydrine 
solution was used. Chromatograms were sprayed evenly, dried, 
placed in 60C chambers for 10-15 minutes, and kept in the 
dark for 24 hr or longer. For sugars, the procedure was as 
follows: (I) Chromatograms were sprayed with alkaline silver 
nitrate (Block, 1952) to detect reducing sugars and many of 
their derivatives; (II) P-anisidine hydrochloride in 1-
butanol-ethanol-water (4 :1:1 :V/V/V) , containing a trace of 
stannous chloride for stabilization and sensitization was 
sprayed on a second set of chromatograms to detect pentoses, 
hexuronic acids, aldohexoses, and many of their derivatives. 
All chromatograms were sprayed evenly, dried, and heated in 
100-105C chambers for 5-10 minutes. 
Preparation of H. victoriae Sclerotia for 
Respiration Studies 
Sclerotia were used instead of spores or simple mycelia 
of the fungus for respiration studies because the fungus 
sporulated poorly in culture solutions and the mycelia auto­
matically spun or rotated themselves into sclerotia in the 
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liquid shake cultures used. 
The fungus was grown on modified Fries culture medium 
recommended by Luke and Wheeler (1955). It was constituted 
as follows : 
(NH^) 2 5.00 g 
NH^NO^ 1.00 g 
KgHPO^ 1.00 g 
MgS0^.7H20 0.50 g 
CaCl2 0.13 g 
Sucrose 30.00 g 
These were dissolved in distilled water and buffered around 
pH 5.6 with Walpole's acetate buffer to make 1 liter. Two 
hundred ml of this medium was dispensed into 1-liter Erlenmeyer 
flasks, autoclaved at 15 lb pressure and 120C for 20 minutes, 
and then stored at 2C after cooling, until seeded with 25 ml of 
a H. victoriae cell suspension culture. The cell suspension 
was prepared as follows: About 50 ml of the above medium was 
put into 250 flasks, capped with 1 layer of Whatman No. 2 
filter paper, and autoclaved for 15 minutes. These 250 flasks 
with autoclaved contents then were seeded with three plugs of 
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mycelium (about 0.25 cm) from a 10-day-old PDA culture of 
H. victoriae and incubated on a rotary shaker at 25C for 
approximately seven days. After seven days, the culture was 
examined for purity, after which 25 ml of cell suspension 
was transferred to the 1-liter flasks containing 200 ml of 
the medium described above. These were then incubated on 
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rotary shakers at 25 C for 20 days. After 20 days, the 
black sclerotia produced were again examined for purity, 
filtered using a Coors No. 3 Buechner funnel and Whatman 
No. 2 filter paper, washed three times with sterile 
distilled water buffered at pH 5.4, and finally stored in 
the above buffer solution for two hr before being used for 
the respiration studies. 
Spore Sampling 
I employed the flotation method of obtaining spores of 
HeIminthosporium spp. from soil (Ledingham and Chinn, 1955) 
in experiment 3B. Each soil sample was air-dried (25C), 
screened to remove large bits of trash and plant debris, and 
then thoroughly mixed. Sterile distilled water was added 
to bring the soil to a moisture level of 10% by weight. A 
10-g sample was weighed out and mixed with 5 ml of sterile 
mineral oil in a sterile petri plate. The mixture was 
transferred to a 25 x 250 mm test tube and 50 ml of sterile 
water added. Tubes were agitated vigorously on a roto-mixer 
and then placed in a vertical position. After 30 minutes, 
5-6 drops of a 2N sodium chloride were added to the surface 
of the oil emulsion that had risen to the top. This was done 
to further remove excess soil particles from the emulsion. 
About 6 ml of emulsion was collected for every 5 ml of oil 
used. 
After another 30 minutes, aliquots of the emulsion were 
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transferred to microscope slides for examination. Droplets 
of oil and small air bubbles in the emulsion on the slides 
were broken down by needle agitation. Samples of the 
emulsion were obtained with pipettes drawn out from glass 
tubes made to deliver droplets of 1/50 ml in volume. Spores 
in 10 droplets were counted per 10-g soil sample and three 
10-g samples were prepared from each treatment obtained from 
a given distance from the inoculum focus. The approximate 
total number of spores in the emulsion were determined, and 
the spore numbers per g of soil were then computed. 
Spore Trapping 
The method of Bromfield e;t (195 9) was used to trap 
H. victoriae spores in experiment 3C. Stainless steel rods 
I.6 mm in diameter and 13 cm long were inserted into No. 5 
cork stoppers so that about 2 cm extended beyond the large 
end of the corks. Rods were then cleaned and smeared with 
an adhesive made by mixing two parts gelatine, seven parts 
glycerine, and six parts water, with 1% phenol that 
was kept liquid in a boiling water bath. Coated ends 
of rods were protected from contamination by inserting them 
into clean test tubes 15 cm long x 1.5 cm in diameter-
Exposure was achieved by burying in the soil the short, 
uncoated ends of the rods plus an inch of the cork on which 
they were mounted. After a 12-hour exposure, the rods were 
reinserted into clean protective test tubes and taken into 
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the laboratory for processing. 
To remove trapped spores from a rod for counting, a 
portion of 2-cm wide Scotch tape was cut off, held in position 
with the sticky surface up, and the top 2-cm section of the 
exposed rod rolled against the adhesive surface of the tape, 
for a minimum of three revolutions. The process was repeated 
once, i.e., the section of rod previously rolled on the 
first tape section was re-rolled on a second section. The 
tapes on which rods had been rolled were mounted, adhesive 
side down, in drops of sterile distilled water on microscope 
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slides. Approximately 100 mm of surface area of each rod 
(2-cm x 1.6 mm) was sampled in this way. The whole area 
of the tapes on which the rods had been rolled was examined 
under the microscope at 10OX magnification and the Helmintho-
sporium spores counted. 
Experimental Designs 
A randomized conplete-block design in split-plots of 
alfalfa versus no alfalfa was used in the two 196 8 field 
experiments. The design used in the 1969 field experiment 
was a randomized complete-block one. A completely randomized 
design was employed in the 1967-68 greenhouse oat yield 
experiment, and a 2x2x2 factorial experiment in a randomized 
complete-block design was employed in the greenhouse seedling 
disease study of 196 8. For the greenhouse root-observation 
box study of 1969, a 2x2 factorial experiment in a completely 
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randomized design was used. Also, this design was used in 
the growth chamber study of rates of H. victoriae spread in 
soil. These designs are specified and described in detail 
under each experiment in the results section. 
Data were analyzed in accordance with methods recommended 
by standard statistical text books (Alder and Roessler, 1961; 
Cochran and Cox, 196 8; Snedecor and Cochran, 1967). 
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RESULTS 
I have organized the results into three categories : 
field experiments, greenhouse experiments,- and laboratory 
experiments. When appropriate, the pure line of resistant 
plants will be referred to as (R) , the susceptible plants as 
(S), and a 1:1 mixture of both as (M). The composition of 
other mixtures, referred to as blends, will be specified. 
Field Experiments 
Experiment ^ - yield trials 
The purpose of this experiment, done at the Agronomy 
Farm near Ames in 196 8, was to determine the field response 
of different blends of the susceptible and resistant lines 
when planted in soil infested with H. victoriae. A randomized 
complete-block design in a split plot of alfalfa vs. no 
alfalfa was used. Eight treatments, consisting of blends 
with 0, 10, 20, 40, 50, 80, 90, and 100 % resistant 
plants, were planted in artificially infested soil. The first 
and last treatments (0 and 100% resistant plants) were repeated 
as uninoculated controls (Table 1) . 
The blends were composited by weight, based on germina­
tion tests after seed sterilization, and on the number of 
seeds per 10 g of each line. Each blend contained about 
1500 seeds. 
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Table 1. The composition of blends of H. victoriae-resistant 
(R) and -susceptible (S) pure lines of oats planted 
in experiment one 
Composition of blends 
Blend Line No. x424 (R) Line No. x423 (S) 
No. Seed wt (g) % in blend Seed wt % in blend 







2 0.00 0 40.00 100 
3 4.60 10 36.00 90 
4 9 .20 20 32.00 80 
5 18.40 40 24.00 60 
6 27.60 60 16.00 40 
7 36.80 80 8.00 20 
8 41.40 90 4.00 10 
9 46.00 100 0.00 0 
10^ 46.00 100 0.00 0 
^liiinoculated controls. 
Blends 2-9 (Table 1) were inoculated at five days after 
planting by burying a teaspoonful of "inoculum A" 1 inch, deep 
along 8-ft rows spaced 1 ft apart. The seed in each blend 
were planted in standard 4 x 8-ft yield plots (10-ft rows 
were planted but later trimmed to 8 ft). Each plot consisted 
of four such rows, 1 ft apart, and the center two rows were 
harvested for grain yield- Oats were planted with a tractor-
mounted drill, and 10 g of alfalfa seed were broadcast on the 
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4 X 8-ft plot immediately after planting. The alfalfa 
stand was rated at six weeks after planting. Disease index 
(number of plants in two center rows of each plot with H. 
victoriae leaf disease symptoms) were recorded at six weeks. 
Ten plants with disease symptoms were collected from the 
two border rows of each plot and processed in the laboratory 
for the presence of H. victoriae in their roots and crowns 
by washing them several times with sterile distilled water 
and incubating them on acidified PDA (pH 5.4). Lodging index 
was assessed visually prior to harvesting. The two center 
rows of each plot were harvested at maturity and bundle weight 
(straw plus grain), grain yield, and seed test weight were 
recorded. 
Bundle weight The means of the bundle weights are 
presented in Table 2, and also graphically in Figure 1. 
The analysis of variance of the bundle weights (Table 3) 
shows that only the treatment effects were significantly 
different (5% level). 
Neither the block effects nor those of the interplanted 
alfalfa and its interaction with the treatments was statisti­
cally significant. The means of the bundle weights of blends 
with 20% or more of resistant plants were not significantly 
different from one another, but were significantly different 
from those of a susceptible pure line (Table 4). 
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Table 2. Bundle weight (straw plus grain) of pure lines 
and blends of oats planted in H. victoriae-
infested soil 



























































^Weight in grams of two 8-ft rows, each of which is 
the mean of three replications. 
Figure 1. Means of bundle weights of pure lines and 
field blends of oats planted with and without 
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Table 3. Analysis of variance of the bundle weights 
of pure lines and field blends of oats grown in 
soil infested with H. victoriae 
Source of 




square F F95 
Total 59 788096 
Treatments (blends) 9 240339 26704 3 
* 
.30 2.46 
Blocks 2 33351 16676 2 .06 3.55 
Error in whole 
plot 18 145858 8103 
Methods (M)^ 1 2040 2040 0 .13 4.35 
Interactions (TxM) 9 62471 691 0 .05 2.39 
Error in sub-plots 20 304037 15202 
^Ihe methods refer to the alfalfa vs. no alfalfa treat­
ment . 
• 
Significant at the 0.05 level. 
Table 4. Duncan's multiple range test for the means of the 
bundle weights of pure lines and field blends of 
oats planted in soil infested with H. victoriae 
Blend compositions 
% (R)B 0 10 20 40 60 80 90 100 
% (s)b 100 90 80 60 40 20 10 0 
Means 1590^ 1652 1745 1760 1759 1791 1809 1744 
L.S.D. = 109.13 (0. 05 leve 1) 
^(R) is the resistant line. 
^(S) is the susceptible line. 
^Means of six replications; those underscored by the same 
line are not significantly different from one another, but 
are significantly different from all others (5% level). 
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Grain yields The means of the grain yield are 
presented in Table 5 and also graphically in Figure 2. 
Table 5. Grain yields of pure lines and field blends of 
oats planted in H. victoriae-infested soil 
Grain yields (g) 
% of lines in blends without With Mean of 
Resistant Susceptible alfalfa alfalfa both 
0^ 100 573^ 600 5 87 
0 100 497 486 493 
10 90 501 567 5 34 
20 80 608 544 576 
40 60 606 592 599 
60 40 631 602 617 
80 20 670 622 646 
90 10 678 6 36 657 
100 G 622 625 624 
100^ 0 609 586 598 
^Uninoculated controls. 
^The means of three replications. 
Figure 2. Means of the grain yield of pure lines and 
field blends of oats planted with and without 
alfalfa in H. victoriae-infested soil 
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The effects of the alfalfa, its interactions with 
treatments, and the block effects on the grain yield also 
were not significant (Table 6); only the treatment effects 
were significant. 
Table 6. Analysis of variance of the grain yields of 
pure lines and field blends of oats planted in 




square d. f. 
Mean 
square F F .95 
Total 308652 59 
Treatments (T)^ 135207 9 15023 
** 
4.41 2 .46 
Blocks 2582 2 1291 0.38 3 .55 
Error in whole 
plot 61363 18 3409 
Methods (M)^ 2790 1 2791 0 .64 4 .34 
Interactions 
( T X M) 




 2 .39 
Error in sub­
plot 87032 20 4352 
^These are the 10 entries of the pure lines and blends. 
^The methods here refer to the alfalfa vs. no alfalfa 
treatments of sub-plots. 
** 
Significant at the 0.01 level. 
The treatments that differ significantly are presented, using 
the Duncan's multiple range test, in Table 7. 
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Table 7. Duncan's multiple range test for the means of 
grain yields of pure lines and field blends of 
oats planted in H. victoriae-infested soil 
Blend compositions 
% (S)^ 100 90 80 60 40 20 10 0 
in blends 
% (R)b 0 10 20 40 60 80 90 100 
in blends 
Yields (g) 492^ 534 576 599 617 645 657 624 
L.S.D. = d = 70.79 (0.05 level) 
^(S) stands for susceptible plants. 
^(R) stands for resistant plants. 
*^Means of six replications; means that are not signifi­
cantly different from one another are underscored by the 
same lines (0.05 level). 
Test weights Mean test weights are given in Table 8, 
and graphed in Figure 3. 
Again, the effect of the alfalfa zind its interactions 
with treatments, as well as the block effects were not 
significant (Table 9)- Only the treatment effects were 
significant. 
The treatments that differed significantly from one 
another, using Duncan's multiple range test, are shown in 
Table 10. Blends with 40% or more resistant plants were not 
significantly different from one another, but were signifi­
cantly different from blends with 20% or less resistant plants 
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Table 8. Seed test weights of pure lines and field blends 
of oats planted in H. victorias-infested soil 
Blends 












1 0^ 100 15.10^ 14.83 15.12 
2 0 100 14.10 14.30 14.20 
3 10 90 14.27 14.37 . 14.32 
4 20 80 14.47 14.50 14.50 
5 40 60 15.00 15.00 15.00 
6 60 40 15.40 15.20 15.30 
7 80 20 15.80 15.50 15.60 
8 90 10 15.80 15.50 15.60 
9 100 0 15.20 15.40 15.30 
10 100^ 0 15.50 15.10 15.30 
^Uninoculated controls. 
^Test weights are the gram weights of equal volumes 
(550 ml) of seed and each is the mean of three replications. 
Figure 3. Means of seed test weights of pure lines and 
field blends of oats planted with and without 
alfalfa in H. victoriae-infested soil 
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Table 9. Analysis of variance of the test weights of pure 
lines and field blends of resistant and 
susceptible oat seeds harvested from plots 
inoculated with H. victoriae 
Source of Sum of Mean „ 
variation d.f. square square F 95 
Total 59 33 .88 
Treatment (T) 9 15 1 .67 5 
** 
.12 2 .46 
Blocks 2 .118 .059 0 .19 3 .55 
Error in whole plot 18 5 
CO 00 
0 .33 
Method (M)^ 1 0 .10 0 .10 0 .17 4 .35 
Interaction (T x M) 9 0 .90 0 .10 0 .17 2 .39 
Error in sub-plot 20 11 .88 0 .09 
^Methods refer to the alfalfa vs. no alfalfa treat­
ments of sub-plots. 
** 
Significant at the 0.01 level. 
Table 10. Duncan's multiple range test for the means of seed 
test weight of pure lines and field blends of oats 
planted in H. victoriae-infested soil 
Blend compositions 
% (S)B 
in blends 100 90 80 60 40 
% (R)^ 
in blends 0 10 20 4 0 5 0 
Yields (g) 14.20^ 14.32 14.50 15.00 15.30 
L.S.D. = d = 0.30 (0.05 level) 
^(S) is % susceptibility in blends. 
^(R) is % resistance in blends. 
^Means of six replications; means that are not signifi­
cantly different from one another are underscored by the same 
line. 
20 10 0 
80 90 100 
15.60 15.60 15.30 
52 
(5% level). The last group of blends (those with 20% or 
less resistant plants) are not significantly different from 
one another (Table 10) . 
Rates of increases in bundle weights, grain yields, and 
test weights From the yields of blends No. 2 and No. 9, 
which are those of the 100% susceptible and 100% resistant 
inoculated stands, respectively, the expected values of 
the bundle weights, grain yields, and test weights of all 
the other blends were calculated, based on the proportion 
of seed of the two lines in each blend. These expected 
values, together with those actually observed, are shown in 
Table 11. 
The slopes of the regression lines of the observed and 
expected values of the bundle weights, grain yields, and 
seed test weights on the increasing proportion of resistant 
plants in the blends were determined for blends No. 2 through 
No. 8. For the bundle weights, the regression coefficient 
(b) for the observed values was 1.98 units of bundle weight 
increase per unit increase in the proportion of resistant 
plants in the blends. The comparable value of (b) for the 
expected values of bundle weight was 1.54. This is a 2 8.57% 
increase in the slope of the regression line of the observed 
bundle weight over the calculated expected values. 
The values of the regression coefficients of the observed 
and expected grain yields on the increasing proportion of 
Table 11. Observed and expected mean values of bundle weights, grain yields, and 
test weights of pure lines and field blends of oats planted in soil 
infested with H. victoriae 
Blend 
Bundle weight Grain yield Test weight 
Blends %R %S Observed Expected^ Observed Expected Observed Expected 
1 0 100 —  —  —  —  —  ~  — —  —  —  
2 0 100 1590^ 1590 493 493 14.20 14. 20 
3 10 90 1652 1608 534 506 14.32 14. 31 
4 20 80 1745 1626 576 519 14.50 14. 42 
5 40 60 1760 1658 599 545 15.00 14. 64 
6 60 40 1759 1699 617 569 15.30 14. 86 
7 80 20 1791 1736 646 598 15.60 15. 08 
8 90 10 1807 1754 657 611 15.60 15. 19 
9 100 0 1744 1744 624 624 15.30 15. 30 
10 100 0 —  —  —  —  —  — —  
^Calculated from the observed values in blends No. 2 and No. 9. 
^Means (g) of six replications « 
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resistant plants in the blends were 2.78 and 2.61, re­
spectively. The increase in the slope of the regression 
line of the observed values of grain yield over the expected 
values is only 6.51% in this case. The increase in the 
regression line of the observed seed test weights over the 
expected values was more than 50%. The (b) values obtained 
for the observed and expected seed test weights were 0.017 
and 0.011 units of seed test weight increase per increase 
in the proportion of resistant plants in the blends, 
respectively. 
2 Chi-square (X ) values for the data in Table 11 were 
calculated also. For the bundle weights and grain yields, 
2 
calculated values of X corresponding to degree of freedom 
(df) = 5 (for blends No. 3-8) were 21.63 and 24.52, 
respectively. In as much as these values exceed the tabulated 
2 
value of X =11.0 7 corresponding to df = 5 at 5% level, the 
results are significant. The hypothesis that bundle weights 
and grain yields increased at the same rates as the increases 
in the proportion of resistant plants in the blends has to 
be rejected. The results indicate that bundle weights and 
grain yields increased more than the increases in the propor­
tion of resistant plants in the blends. The calculated 
2 
values of X of 21.6 3 and 24.52 can be expected to occur by 
chance alone with a probability of less than one per cent. 
2 The calculated corresponding value of X for the seed 
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test weights was 0.05. This value is less than the tabulated 
2 X value of 11.07. Therefore, the result is not significant, 
and there is a strong indication that observation agrees 
with expectation. 
Disease and lodging indices 
The mean number of plants in the two center rows of each 
plot that showed symptoms of infection by H. victoriae (dis­
ease index) at six weeks after planting are presented in 
Table 12. Presented in the same table are the lodging 
indices based on visual observation a week prior to harvest. 
Rating was on a scale of zero (no lodging) to 10 (severely 
lodged stands). Disease index was highly correlated with 
lodging index (r = 0.95). 
Table 12. The number of plants with Victoria blight disease 
symptoms (disease index) at six weeks after 
planting, and the lodging index of pure lines and 
field blends of resistant (R) and susceptible (S) 
oats planted in H. victoriae-infested soil 
Blend Blend compositions Disease^ Lodging^ 
No. % (S) % (R) inaex index 
1- 100 0 34^ 4 .50 
2 100 0 72 8.50 
3 90 10 67 6 .67 
4 80 20 37 4.00 
5 60 40 24 2.00 
dumber of diseased plants in two 8-ft rows. 
Id 
^Visual observation; rating was from 10 for severely 
lodged stands to zero for no lodging. 
^Uninoculated controls . 
°Means of six replications. 
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6 40 60 16 1.00 
7 20 80 19 1.00 
8 10 90 10 1.00 
9 0 100 6 1.50 
10^ 0 100 4 1.67 
H. victoriae was isolated from all plants that showed 
disease symptoms in the two border rows at six weeks after 
planting. 
Experiment 2^ - yield trials 
This experiment, carried out also in 196 8, differed from 
experiment one in only minor ways, as follows: The location 
was near Kalona in southeastern Iowa. The two isogenic lines 
of oats used were a moderately susceptible experimental line, 
Iowa X469-66 3, and a moderately resistant experimental line, 
Iowa X469-701. The blends were composed as given in Table 13. 
Inadvertently, this experiment was planted in a field 
that earlier in the season had been sown to Lodi oats. 
Although the field was plowed and the seedbed re-prepared 
after Lodi was sown, many Lodi seedlings still emerged. An 
effort was made during the growing season to selectively weed 
out the unwanted Lodi contaminants, but this effort was not 
very successful- Since the Lodi oat plants were distributed 
randomly over the area, their main effect would have been a 
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Table 13. The composition of blends and pure lines of oats 
resistant (R) and susceptible (S) to H. victoriae 




X469-701 Line Iowa X469-663 
Seed weight 
(g)  % in blend 
Seed weight (g)  % in blend 
1^ 40 100 0. ,00 0 
2 40 100 0, .00 0 
3 36 90 3. . 80 10 
4 32 80 7. 79 20 
5 24 60 15. 59 40 
6 16 40 23. 38 60 
7 8 20 31. 18 80 





9 0  
9 0 0 38 .98 100 
10^ 0 0 38 .98 100 
^Uninoculated controls. 
slight increase in the number of resistant plants. The plots 
were harvested and processed for bundle weights, grain yields, 
and seed test weights determination. The means of the results 
obtained are shown in Table 14, and in Figures 4, 5, and -6. 
Table 14. The bundle weights, grain yields, and test weights of pure lines and 
field blends of a mildly resistant (It) and a mildly susceptible (S) 
line of oats planted in H. victoriae-infested soil in experiment two 
Blend Bundle weight Grain yield Test weight 
Blend No With No With No With 
No. ?; (R) % (S) alfalfa alfalfa alfalfa alfalfa alfalfa alfalfa 
1^ 0 100 1103b 932 484 445 16.83 16.33 
2 0 100 1056 934 436 401 16.90 16.33 
3 10 90 1152 90S 507 425 16.77 16 .13 
4 20 80 1150 945 524 427 16.90 16.33 
5 40 60 1134 917 513 422 16.87 16 .50 
6 60 40 1101 1012 523 445 16.77 16.13 
7 80 20 1133 927 518 435 16.87 16.10 
8 90 10 1127 920 505 442 16.87 16.13 
9 100 0 1077 883 476 428 16.97 16.40 
10^ 100 0 1127 902 532 407 16.93 16.43 
^Uninoculated controls. 
'^Means (g) of three replications. 
Figure 4. Means of bundle weights of pure lines and 
field blends of oats planted with and without 
alfalfa in H_. victoriae-infested soil in 
expsriir.ent two 
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Figure 5. Means of grain yields of pure lines and field 
blends of oats planted with and without alfalfa 
in H. victoriae-infested soil in experiment two 
































Figure 6. Means of seed test weights of pure lines and 
field blends of oats planted with and without 
alfalfa in H. victoriae-infested soil in 
experiment two 
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Analyses of variance were carried out on the bundle 
weights, grain yields, and seed test weights data, and these 
are shown in Tables 15, 16, and 17, respectively. The treat­
ments (blends and pure lines) and block effects for all 
three data were not significant (0.05% level). For the 
alfalfa vs. no alfalfa treatments (methods), highly signifi­
cant results (0.01% level) were obtained for.gxain yields 
and seed test weights, and significant results (0.05% level) 
were obtained for bundle weights (Tables 15, 16, and 17). 
Table 15. Analysis of variance of the bundle weights of 
pure lines and field blends of oats grown in 






square F ^99 
Total 59 662977 
Treatments (blends) 9 33805 3756 0.53 3.60 
Blocks 2 9185 4593 0.65 6.01 
Error in whole plot 18 127496 7083 
Methods (M)^ 1 479636 479636 5.17" 8.10 
Interactions (T x M) 9 3570 3570 0.39 3.46 
Error in sub-plots 20 9285 9285 
^Alfalfa vs. no alfalfa treatment. 
* 
Significant at the 0.05 level. 
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Table 16. Analysis of variance of the grain yields 
of pure lines and field blends of oats grown in 
H. victoriae-infested soil in experiment two 
Source of Sum of Mean 
variation d.f. square square F P 
.99 
Total 59 216156 
Treatments (blends) 9 12141 1349 0.72 3 .60 
Blocks 2 961 481 0.26 6 .01 
Error in whole plot 18 33855 1881 
Methods (M)^ 1 83031 83031 
** 
24.07 8 .10 
Interactions (T x M) 9 17187 1910 0.55 3 .46 
Error in sub-plot 20 68981 3449 
^Alfalfa vs. no alfalfa treatments. 
* * 
Significant at the 0.01 level. 
Table 17. Analysis of variance of the test weights 
of pure lines and field blends of oats grown in 
H. victoriae-infested soil in experiment two 
Source of 
variation d.f. 
S IZIÎi O "F 
square 
Mean 
square F 99 
Total 59 15.97 
Treatments (blends) 9 C.34 0.04 0.13 3. 60 
Blocks 2 2.00 1.00 3.22 6. 01 
Error in whole plot 18 5.63 0.31 
Methods (M) ^ 1 4.94 4.94 
* *  
35.38 8. 10 
Interactions (T x M) 9 0.35 0.04 0.28 3. 46 
Error in sub-plot 20 2.71 0.14 
^Alfalfa vs. no 3.1 f â.1 fa treatmen ts. 
* X 
Significant at the 0.01 level. 
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Experiment 3A - rates of spread 
This experiment was carried out to test the rate of 
spread of H. victoriae under field conditions through the 
root systems of different blends of resistant and susceptible 
pure lines of oats. It was done in 1969 at the Agronomy farm 
station near Ames. The soil was fumigated as described under 
materials and methods. There were eight blocks and 10 
treatments in a randomized complete-block design. 
After seed sterilization, the resistant line had a 96% 
germination rate and the susceptible line showed a 94% 
germination rate. Based on these, seed of the two lines 
were mixed and planted in pure lines and blends to give about 
100 plants upon germination, per plot. Each experimental 
unit (plot) was made up of this amount of seed planted on a 
2/3 slope in a 1-ft row. Plots were separated from each 
other by a row (plot) of resistant plants. All rows were 
spaced 1 ft apart. Inoculation was done at the time of 
planting by burying a heaped teaspocnful of "inoculum A" 
prepared as previously described, at the lowest end of the 
slope of each 1-ft-xow. 
I had expected to take a disease index rating of each 
treatment by counting the number of seedlings with disease 
symptoms at different distances from the inoculum in each row. 
However, probably because temperatures were rather low 
throughout most of the growing season, no observable symptoms 
of K. victoriae infection developed and no disease rating was 
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made. The number of plants in each stand was counted 10 
days after planting, and again at maturity (a week before 
harvest). These results are presented in Table 18. 
Table 18. The mean number of seedlings 10 days after planting, 
and number of tillers prior to harvest, of pure 
lines and field blends of resistant (R) and 
susceptible (S) oats planted in soil infested 
with H. victoriae 
Blend Plant stand 
Blend compositions Number of Number of tiller 
No. % (R) % (S) seedlings on mature plants 
1^ 0 100 98^ 105^ 
2 0 100 95 115 
3 10 90 98 111 
4 20 80 99 112 
5 40 60 99 114 
6 60 40 96 110 
7 80 20 98 10 8 
8 90 10 97 10 8 
9 100 0 96 112 
10^ 100 0 96 115 
^Uninoculated controls. 
^Msans of six replications. 
^Means of eight replications. 
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10-day seedling stand counts There was no significant 
difference in the seedling stands 10 days after planting 
among the pure lines or their blends as shown in the analysis 
of variance (Table 19). 
Table 19. Analysis of variance for the number of seedlings 
present, 10 days after planting, of pure lines 
and field blends of resistant and susceptible 
oats planted in soil infested with H. victoriae 
Source of 




square F f.95 
Total 39 623 
Treatments 9 75 8.33 0 .48 < 2.21 
Blocks 3 83 27.67 1 .61 < 2.92 
Error 27 465 17.22 
Mature plant stands Also, no significant difference 
was detected in the number of tillers on mature plants, 
counted one week before harvest, in the pure stands and their 
blends (Table 20). 
Table 20. Analysis of variance for the number of tillers on 
mature plants, counted a week before harvest, in 
pure lines and field blends of resistant and 








square F F.95 
Total 79 14489 
Treatments 9 2875 319 1.80 2.04 
Blocks 7 446 64 0 .36 ] .09 
Error 63 11168 177 
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Experiment 3B - spore population 
The purpose of this experiment was to determine the rate 
of H. victoriae spore population increases in the rhizo-
spheres of the different treatments of experiment 3A at 
different distances from the focus of inoculum. This was 
done at four weeks after planting. A No. 6 cork borer 
(1/2 inch in diameter) was driven about 4 inches into the 
rhizosphere of the different treatments at 8, 6, 4, 2, and 
0 inches, consecutively, from the H. victoriae inoculum focus 
buried 1 inch deep at the lower end of the slope on which 
each 1-ft row of about 100 plants was growing. 
Samples were collected from the eight replications at 
each specified distance from the inoculum focus. The eight 
soil samples of each treatment collected from the same 
distance were then combined in the same test tube. Collected 
samples were stored in clean stoppered test tubes in the 
laboratory at 2C prior to processing. The flotation method 
(Ledingham and Chinn, 1955) used in processing the samples 
is described under Materials and Methods. 
The number of H. victoriae spores found within the 
rhizosphere of the different blends and the pure lines (Table 
21, Figure 7) showed highly significant differences at the 
0.01 level (Table 22). Also, the spore counts at the different 
distances from the inoculum focus (Table 21; Figure 8) and 
their interactions with the treatments were highly significantly 
different (Table 22). 
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Table 21. Number of H. victoriae spores per g of soil from 
the rhizosphere of pure lines and field blends 
of resistant (R) and susceptible (S) oats at 
varying distances from inoculum foci 
Blend Distances from inoculum 
composition (inches) 
% (R) % (S) 0 2 4 6 8 Total^ Mean^ 
0 100^ 180 180C 300 240 300 1020 255 
0 100 2320 420 720 420 300 1860 465 
10 90 2080 660 300 300 120 1380 345 
20 80 16 80 540 300 120 180 1140 2 85 
40 60 2000 540 240 120 180 1080 270 
60 40 1760 420 120 180 120 840 210 
80 20 1760 360 120 180 60 720 180 
90 10 2000 180 120 60 180 540 135 
100 0 1680 300 60 120 120 600 150 
100 ob 120 180 120 60 120 4 80 120 
Total 15580 3840 2400 1800 1680 9640 2415 
Mean 1558 384 240 180 168 241 241 
^Totals and means of data from 2, 4, 6, and 8 inches 
distances. 
^Uninoculated controls. 
^Means of three soil samples from eight replications. 
Figure 7. Nvmiber of H. victoriae spores per g of soil found 
in the rhizosphere of pure lines and field blends 
of resistant and susceptible oats inoculated with 
H. victoriae at a single focus 
NO. OF SPORES / G OF SOIL 
Figure 8. Number of H. victoriae spores per g of soil found 



























Table 22. Analysis of variance for the nuinber of spores of 
H. victoriae per g of soil within the roots of 
pure lines and field blends of oats inoculated 
with the fungus at a single point 
Source of 






Treatments (T) 9 
Blocks 2 
Error in whole 
plot 18 
Method (M) ^ 3 
Interactions 
(T X M) 27 





















""Methods refer to the different distances of sampling 
from the inoculum focus. 
* * 
Significant at the 0.01 level. 
The number of spores 2 inches from the inoculum focus 
differed significantly (5% level) from those found at 4, 6, 
and 8 inches, respectively. Those observed at 4 and 6 inches 
from the inoculum focus were not significantly different in 
number; but differed significantly from the number counted 
at 8 inches. Also, spores at 6 and 8 inches were not signifi­
cantly different from one another, but they differed signifi­
cantly from the number counted at 2 and 4 inches. These 
results are presented in Table 23, using Duncan's multiple 
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range test. 
Table 23. Duncan's multiple range test for the mean number 
of H. victoriae spores found per g of soil within 
the rhizosphere of pure lines and field blends of 
resistant and susceptible oats at different 
distances from the H. victoriae inoculum focus 
Distances from inoculum focus 
(inches) 
8 6 4 2 
Spore counts 16 8^ 180 240 384 
L.S.D. = 65.3 at 5% level 
^Means of 30 replications. Means underscored by the 
same line are not significantly different from one another, 
but are significantly different from all others at the 5% 
level. 
In a similar fashion, the means of the different treat­
ments (blends and pure lines) that differ significantly from 
one another are shown in Table 24. 
Table 24. Duncan's multiple range test for the means of the 
number of H. victoriae spores per g of soil within 
the roots of pure lines and field blends of 
resistant (R) and susceptible (S) oats inoculated 
with H. victoriae 
Composition of blends 
% R 100 90 80 60 40 20 10 0 
% S 0 10 20 40 60 80 90 100 
Means 150^ 135 180 210 270 285 390 435 
b 
L.S.D. = d = 72.88 
^î-îeans of 12 replications. 
^ He an s underscored by the same line are not signifi­
cantly different from one another but are highly signifi­
cantly different from the others at the 0.01 level. 
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A significantly fewer number of spores were found in the 
rhizosphere of blends with 20% and higher proportions of 
resistant plants than in the rhizosphere of the blend with 
only 10% resistance and that of pure stands of susceptible 
plants. The rhizosphere of blends with 20, 40, and 60% 
resistance had mean spore numbers that were not significantly 
different from one another. Also, this was true for the 
number of spores in the rhizosphere of the group of blends 
with 40, 60, and 80% resistance, and that with 60, 80, and 
90% resistance. The rhizosphere of the blend with 90% 
resistance showed a lower number of spores compared to that 
of the pure stands of resistant plants. These differences 
however, were not significant (Table 24). 
Eleven cultures of H. victoriae were isolated from the 
soil samples and tested for pathogenicity on susceptible and 
resistant plants. Ten of the 11 isolates were pathogenic 
on susceptible plants? only one culture produced no Victoria 
blight disease symptoms on susceptible oat seedlings sprayed 
with the PDA culture blend of the fungus. 
Experiment 3C - spore trapping 
I performed this experiment to determine to what extent 
and at what time during the growing season H. victoriae spread 
in the soil is augmented by spore dispersal in the air. 
Spore trapping was done in two locations: (1) within the 
area of experiments 3A and 3B, and (2) in my Pammel Court home 
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vegetable garden, both in 1969. The method used was that of 
Bromfield et a2. (1959). Its description is provided in the 
Materials and Methods chapter. Spores of H. victoriae present 
in the air were trapped beginning from the day of planting 
and inoculation and terminated on the 9th week after planting. 
Trapping was done for two, 12-hr periods per day, two days 
per week, except that spores were trapped only one day per 
week during the first and second weeks. 
A summary of the spore trapping data is presented in Table 
25. Only on the 7th, 8th and 9th weeks were any substantial 
number of spores found, and only at the Agronomy farm loca­
tion. Crown rust was severe at the 7th and 8th weeks, and 
plants were almost dried up and ready for harvest at the 9th 
week. A pathogenicity test was performed on spores isolated 
from rods exposed on the 8th and 9th weeks of sampling. 
All H. victoriae spores isolated (13 cultures) for pathogen­
icity tests gave a positive reaction on susceptible oat 
lines. 
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Table 25. The number of H. victoriae spores trapped from the 
air during the growing season per 100 mmZ surface 
of sampling rods exposed in the field 
Time of sampling Location of sampling 
Date Week Samples Agronomy farm Pammel Ct. garden 




4/30/69 1 A 0 0 
B 0 0 
5/7/69 2 A 1 0 
B 0 0 
5/11 and 
5/14/69 3 A 0 1 
B 0 0 
5/18 and 
5/21/6 9 4 A 1^ 0 
B 0 0 
5/25 and 
5/2 8/69 5 A 0 0 
B 0 0 
6/1 and 
6/4/69 6 A 3 0 
B 1 0 
6/8/ and 
6/11/6 9 7 A 7 0 
B 2 0 
6/15 and 
6/18/6 9 8 A 9 0 
B 2 0 
6/22 and 
6/25/69 9 A 35 0 
B 11 0 
^Day time samples. 
^Night time samples. 
^Means of spores found on 10 reds from two weekly samples. 
82 
Greenhouse Experiments 
Experiment £ - yield trials 
This experiment was performed to determine the most 
effective time of inoculation and relative yields of the two 
isogenic oat lines under controlled H. victoriae disease-free 
conditions. The experimental design was a completely random­
ized one, with four replications per treatment. Each 
experimental unit was made up of 10 dehulled seed of the 
appropriate line, sterilized as already described, and planted 
in autoclaved soil in 4-inch clay pots. The composition of 
the soil was as follows: sandy loam (2 volumes), peat (1 
volume), and 1 volume of a soil conditioner (vermiculite, 
Terra Lite brand). 
H_. vie tor iae ino culum was prepared as follows: One-
month-old PDA cultures of the fungus in petri plates, kept 
at 25C in crispers containing a 1-cm layer of water, were 
blended with 6 0 ml of sterile distilled water per plate 
culture. The content of one plate was used to inoculate 
plants in three pots. Plants in four pots of each line were 
inoculated at the time of planting (0 week). Plants in four 
additional pots of each line were inoculated at the end of 
each successive week through the 4th week. Inoculation 
was done by pouring 20 ml of the blended PDA cultures over 
the soil surface. After the 4th week, plants in all pots 
were thinned to five plants. Plants were harvested at 
maturity, and the yields (bundle weight and grain yield) 
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measured and recorded (Table 26, and Figures 9 and 10). 
Table 26. Bundle weights and grain yields of susceptible 
(S) and resistant (R) oats inoculated with 













 5.70 0.00 2.15 
1 2.70 6.65 0.63 2.30 
2 4.58 5.93 1.33 2.25 
3 5.05 6.15 1.53 2.12 
4 7.40 6.85 2.27 2.09 
Uninoculated 
control 6.22 6.76 2.03 2.30 
^Seed at 0 week were inoculated at the time of planting. 
^Means of four replications, each consisting of five 
plants in one 4-inch pot. 
The analysis of variance of the bundle weight (Table 27) 
and grain yield (Table 28) data showed that the yield dif­
ferences of susceptible plants inoculated at weekly intervals 
were highly significant. Since the yields from the resistant 
plants were very uniform (Table 26), only those from the 
susceptible plants were analyzed. The mean yields of the 
uninoculated resistant plants were compared, however, with 
those of susceptiple plants (Table 29). 
Figure 9. Bundle weight (grain and straw) of susceptible 
oats inoculated with H. victoriae at weekly 
intervals in the greenhouse 
BUNDLE WEIGHT (G WT.) 
Figure 10. Grain yields of susceptible oats inoculated with 




INOCULATION TIFiE ( WEEKS AFTER PLANTING ) 
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Table 27. Analysis of variance of bundle (straw and grain) 
weights of greenhouse oats inoculated with H. 
victoriae at weekly intervals 
Source of Sum of Mean „ 
variation d.f. square square F .95 
Total 27 173.33 
Among means 6 162.65 27.11 53.94 2.57 
Within samples 21 10.68 0.51 
* * 
Significant at the 0.01 level; only the yields from 
the susceptible plants were analyzed. 
Table 28. Analysis of variance of grain yields of greenhouse 







square F F. 95 
Total 27 19 .62 




or error 21 1.50 0.07 
Significant at the 0.01 level; only the yields from 
susceptible plants were analyzed. 
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Bundle weights and grain yields of the uninoculated 
resistant and susceptible checks, as well as those of 
susceptible plants inoculated at four weeks, were very 
similar. The yields (bundle weight and grain yield) of plants 
inoculated the second and third weeks after planting were 
not significantly different from one another, but they 
differed significantly from yields of plants inoculated at 
one week, which in turn differed significantly from yields 
of plants inoculated at the time of planting (Table 29). 
Table 29. Duncan's multiple range test on the means of the 
bundle weight and grain yields of susceptible 
oats inoculated with H. victoriae at weekly 
intervals in the greenhouse 
Time of inoculation (weeks) 
Category 0 1 2 3 4 (S)^ (R)* LSD 
Grain , 
yields 0_ 0.6 3 1.33 1.53 2.27 2.03 2.30 0.39 
Bundle 
weight 0.14 2.70 4.58 5.05 7.40 6.22 6.76 0.81 
^Uninoculated controls, (R) = resistant plants, (S) = 
susceptible plants. 
^Means of four replications: those underscored by 
the same line are not significantly different from one another 
but highly significantly different from the others (0.05% 
level). 
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Experiment ^ - diseased seedlings 
This experiment was designed to determine the severity 
of seedling disease within pure stands and greenhouse blends 
of the resistant and susceptible lines. This was a 2 x 2 x 2 
factorial experiment in a randomized complete-block design. 
Factor A consisted of 11 pure lines and blends planted with 
and without alfalfa (factor B), in soil infested with a 
high and a low level of H. victoriae inoculum (factor C). 
Each experimental unit consisted of sterilized seed that 
gave about 100 plants upon gerroination, based on germination 
test performed on the two lines after seed sterilization. 
The two levels of inoculum were high (3 teaspoonful of "inocu 
2 3 lum A"/ft of soil) and low (1 teaspoonful/ft ). The amount 
2 
of alfalfa used was 2 g/ft of soil. The soil used con­
sisted of two volumes of sandy loam, one volume of peat, and 
one volume of the soil conditioner, vermiculite (Terra Lite). 
The soil was autoclaved, cooled, watered, and left standing 
in the greenhouse for two weeks before infestation and planti 
was done. 
The seed of each treatment were planted in 1-ft rows 
spaced 6 inches apart in either metal or plastic pans, 24 x 
12 X 8 inches and 16 x 12 x 4 inches in size, respectively. 
Soil in the pans was watered daily to field capacity, and 
a 24-12-12 (N-P-K) floratone green liquid fertilizer (Kapco) 
was applied once a week at a concentration of 50 g/gal of 
water. The number of seedlings in each row of each pure line 
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or blend was counted eight days after planting, and the 
number of seedlings with typical Victoria blight symptoms 
(brown coloration on crowns and yellow stripes on leaves of 
infected seedlings) was read 16 days after planting. 
Seedling emergence The means of the number of seed­
lings that emerged and were growing vigorously without 
disease symptoms eight days after planting are shown in 
Table 30. 
Table 30. The number of seedlings eight days after planting 
pure lines and greenhouse blends of resistant (R) 
and susceptible (S) oats in soil infested with 
low or high levels of H. victoriae inoculum, 










alfalfa % (R) % (S) High^ Low^ 
1° 100 0 96^ 91^ 9 3^ 93^ 
2 100 0 92 93 93 92 
3 90 10 92 93 92 92 
4 80 20 96 91 93 94 
5 60 40 91 90 90 92 
6 50 50 92 92 94 90 
7 40 60 90 93 33 90 
8 20 80 93 93 93 93 
9 10 90 89 94 92 93 
10 3 1  A A  9 3 92 94 91 
11^ 0 100 94 91 95 90 
^Three heaped teaspoonfuls of "inoculum A"/ft^ of soil. 
^One heaped teaspoonful of "inoculum A"/ft^ of soil. 
^Uninoculated controls. 
^Means of eight replications. 
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No difference was found in seed germination with either 
the low or high inoculum level. Also, there was no signifi­
cant difference in the number of seedlings from the pure 
lines and the blends planted with or without alfalfa. Germina­
tion rates of seed of the pure lines and their blends (factor 
A) were not significantly different. Only the block effects 
were significant at the 0.05 level, indicating that blocking 
was effectively used in the design. These results are 
presented in Table 31. 
Table 31. Analysis of variance of the number of seedlings 
eight days after planting pure lines and greenhouse 
blends of resistant and susceptible oats in soil 
infested with low or high levels of H. victoriae 
inoculum, with or without alfalfa 
Source of 






Total 175 5228 
Blocks 7 6 30 90 .00 
* 
2.27 2.83 
Treatments 43 1348 
Factor A (blends) 10 127 12.70 0.32 2.57 
Factor B (alfalfa 
stands) 1 54 54.00 1.36 7.02 
Factor C (inoculum 
levels) 1 13 13.00 0.33 7.02 
Interaction (AB) 10 314 31.40 0.79 2.57 
interaction (AC) 10 269 26.90 0.68 2.57 
Interaction (BC) 1 26 26 .00 0.66 7.02 
Interaction (ABC) 10 545 54.50 1.38 2.57 
Error 82 3250 39.63 
•k 
Significant at the 0.05 level. 
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Diseased seedlings Means of the percentage of 
diseased seedlings on the 16th day after planting are 
presented in Table 32. To analyze these results, the 
observed values of the different blends were adjusted for 
differences in the proportion of susceptible plants in each. 
Table 32. The percentage of diseased seedlings 16 days after 
planting pure lines and greenhouse blends of 
resistant (R) and susceptible (S) oats in H. 
victoriae-infested soil, with or without alfalfa 
Blend Alfalfa stands 
Blends 
No. 
compositions Inoculum levels With 
alfalfa 
Without 
alfalfa (R) (S) Low^ High^ 
1= 100 0 0.25^ 0.38^ 0.38^ 0.25^ 
2 100 0 0.13 0.38 0.38 0.25 
3 90 10 0.38 1.00 0.50 0.88 
4 80 20 1.00 2.25 1.75 1.50 
5 60 40 1.50 6.38 4.25 3.63 
6 50 50 2.50 9.25 5.75 6.00 
7 40 60 3.50 11.50 7.13 7.88 
8 20 80 5.76 14.37 9.63 10 .50 
9 10 90 6.75 17.00 12.63 11.13 
10 0 100 8.63 24.25 16.63 16.25 
11 = 0 100 2.00 2.25 2.38 1.88 
^One teaspoonful of "inoculum A"/ft^ of soil, 
bThree teaspoonfuls of "inoculum A"/ft^ of soil. 
^Uninoculated controls. 
^Means of eight replications. 
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The adjusted values were further transformed (arc sin 
transformation) . The means of the adjusted and of the trans­
formed data are presented in Table 33 and Figure 11. The 
analysis of variance performed on the adjusted and transformed 
values of blends 3-10 are presented in Table 34. 
Table 33. The percentage of diseased seedlings 16 days after 
planting pure lines and greenhouse blends of 
resistant (R) and susceptible (S) oats in H. 
victoriae-infested soil 

















2 100 0 0 .25 0 .25 1.44 
3 90 10 0.69 9.38 12.0 3 
4 80 20 1.63 8.13 15.38 
5 60 40 3.94 10 .06 17.39 
6 50 50 5.88 11.75 18.40 
7 40 60 7,50 12.56 19.47 
8 20 80 10.06 12.81 19.82 
9 10 90 11.88 13.88 21.00 
10 0 100 16.44 16.38 22.79 
11^ 0 100 2.13 2.13 8.02 
^Observed values that were adjusted for differences in 
the proportions of susceptible seedlings in each blend. 
^Arc sir. transformation of adjusted data. 
*^u'ninoculated controls. 
'^Means of 16 replications. 
Figure 11. The percentage of diseased seedlings 16 days 
after planting pure lines and greenhouse blends 
of resistant (R) and susceptible (S) oats in 


























Table 34. Analysis of variance of the percentage of diseased 
seedlings (adjusted and arc sin transformed 
values) of pure lines and greenhouse blends of 
oats 16 days after planting in H. victoriae-
infested soil 
Source of 






Total 127 9714 
Blocks 7 513 73.29 1.74 2.87 
(Treatments 31 5454) 
Factor A (blends) 7 1276 182.29 
* *  
4.33 2. 87 
Factor B (alfalfa 
stands) 1 15 15 0.36 6.97 
Factor C (ir 
levels) 
loculum 
1 3834 3834 
* *  
91.07 6.97 
Interaction (AB) 7 192 27.43 0.65 2,87 
Interaction (AC) 7 136 19.43 0.46 2.87 
Interaction (BC) 1 1.00 0.14 0.003 6.97 
Interaction (ABC) 7 0.1 0 .014 -4 1x10 * 2.87 
Error 89 3747 42.10 
**Significant at the 0.01 level. 
The effect of planting alfalfa vs. no alfalfa was not 
significantly different. There were significantly fewer 
diseased seedlings in soil with the low inoculum level as 
compared with the higher inoculum level. None of the inter­
actions of the inoculum levels factor (factor C) and the 
alfalfa vs. no alfalfa factor (factor B) with the blends and 
pure lines (factor A) was significant. The three-way 
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interaction (ABC) also was not significant. 
The treatments (pure lines and blends) which differed 
significantly are shown in Table 35. Blends with 60% or 
more resistant seedlings had significantly fewer (0.05 
level) diseased seedlings among susceptible plants in the 
blends than those of blends with lower percentages of re­
sistant plants. 
Table 35. Duncan's multiple range test of the means of the 
percentage of diseased seedlings among pure lines 
and field blends of resistant (R) and susceptible 
(S) oats 16 days after planting 
Blend compositions 
Blend 
No. 3 4 5 6 7 8 9 10 
% (S) 10 20 40 50 60 80 90 100 
% (R) 90 80 60 50 40 20 10 0 
12.03 15.38 17.39 18.40 19.49 19.82 21.00 22.79 
LSD* = 4.64 
* 
Least significant difference at the 0.05 level. 
Experiment ^ - seedlings grown in root-observation boxes 
This experiment was performed for two main purposes: to 
determine gradients of disease caused by H. victoriae, and 
to examine the development of roots of pure lines and their 
blends in soil infested with H. victoriae. Wooden root-
observation boxes (12x24 inches at the top, 4x24 inches at the 
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bottom, and 12 inches deep) were constructed with 12x24 inches 
glass used to cover the slanting front side of each box. The 
glass side, through which growing roots were observed, was 
covered with a piece of Masonite to keep the growing roots 
in darkness except during observation. 
The boxes were filled with autoclaved soil (2 parts 
sandy loam, 1 part peat, 1 part vermiculite) that was watered 
and left standing in the boxes for two weeks before infesting 
with H. victoriae and planting the different treatments. 
Infestation was done by burying a heaped teaspoonful of 
"inoculum A" 1 inch deep on the two ends of each box. Rows 
were spaced 4, 8, 12, 16 and 20 cm from the focus of inoculum 
placed on the extreme end of the box, and these five rows, 
of about 30 plants per row, constituted a single replicate 
of each treatment. This was a 2x2 factorial experiment in 
a completely randomized design. Factor A consisted of the 
two pure lines of oats and their 1:1 blend. Factor B was 
4, 8, 12, 16, and 20 cm distance from the focus of inoculum 
on which the five rows of seed were sown. There were five 
replications per treatment. Sterilized dehulled seeds were 
used. 
The number of seedlings in each row was counted six days 
after planting, and the number of seedlings with Victoria 
blight symptoms was recorded on the 14th and 21st day after 
planting. Results of the stand counts on the 6th day are 
presented in Table 3d. Germination was unaffected in either 
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factor A (pure lines and blend) or in factor B (different 
distances from inoculum focus). 
Table 36. The number of seedlings six days after planting, 
in rows of a susceptible (S) and a resistant (R) 
line of oats, and in those of a 1:1 blend (M) 











(S) 31^ 28 30 31 29 
(R) 32 30 29 30 29 
CM) 31 31 30 29 31 
CC)b 29 30 30 28 30 
^Means of five replications, from the average of about 
30 ± 2 seeds planted. 
^Control; uninoculated rows of the susceptible pure 
line. 
There was no observable consistent decrease in the 
number of diseased seedlings as distance from the inoculum 
focus increased (Tables 37 and 38) in either the pure line of 
susceptible plants or the 1:1 blend of the two lines. Fewer 
diseased seedlings were even found in the row closest to 
the inoculum focus (Table 38) than in more distant rows. 
But these differences were not statistically significant. 
Thus, there was no observable disease gradient in this experi­
ment. The unusually high level of background contamination 
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revealed by the high disease incidence of the iininoculated 
susceptible seedlings (Table 38) may be responsible for this. 
The number of diseased seedlings in each pure line and blend 
was somewhat similar to that of experiment five already 
discussed. Fewer plants consistently became diseased in the 
1:1 blend than in the susceptible pure stand. This decrease 
was more than that attributable to the decreased proportion 
of susceptible plants in the blend (Tables 37 and 38). 
Table 37. The number of diseased seedlings 14 days after 
planting, in rows of a susceptible (S), and 
resistant (R) oat lines, and of a 1:1 greenhouse 
blend (M) of the two, planted at varying distances 








(S) 8^ 10 9 10 8 
(R) 0 0 0 0 X 
(M) 2 3 2 2 2 
v-/ T_ 2_ 2 1 3 
^eans of five replications (out of 30 ±2 seeds planted 
per replication). 
^Control; uninoculated rows of susceptible seedlings. 
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Table 38. The number of diseased seedlings 21 days after 
planting, in rows of susceptible CS), and 
resistant (.R) oat lines, and of a 1:1 greenhouse 
blend (M) of the two, planted at varying distances 








(S) 19^ 22 24 24 22 
(R) 0 0 1 0 1 
(M) 5 6 5 5 4 
(C)b 16 15 14 15 12 
^Means of five replications (out of 30 ± 2 seeds planted 
per replication). 
^Control; uninoculated rows of susceptible seedlings. 
Root development The roots of plants of each treat­
ment were observed through the glass of the root-observation 
boxes and counted with the aid of a magnifying glass, and 
photographed 21 days after planting. Results of these counts, 
taken at 6, 16, and 24 cm from the upper surface of the soil, 
are presented in Table 39. Stands of the susceptible plants 
developed significantly fewer roots compared to those 
developed by the resistant plants and by plants of the 1:1 
blend at the 24 cm depth (Table 39). Roots of the plants of 
the 1:1 blend and those of the resistant plants grew 
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vigorously to the bottom of the boxes and developed abundant 
secondary roots (Figures 14 and 15). In contrast, those 
of the susceptible plants degenerated, and only few were 
able to grow to the bottom of the boxes. They also appeared 
necrotic and developed very few secondary roots (Figures 
12 and 13) . 
Table 39. The number of roots developed by oat seedlings 
of a susceptible (S) pure line, a resistant (R) 
pure line, and a 1:1 greenhouse blend (M) of 
both, grown in H. victoriae-infested soil in 




of observation (cm) 
16 24 
(S) 204^ 231 94 
(M) 225 233 162 
(R) 223 240 174 
(C)G 216 230 109 
^Means of five replications. 
^Control; uninoculated stands of the susceptible pure 
line. 
E'igure 12. Root development by a susceptible pure line (S) of oats and a 1:1 
greenhouse blend (M) of the susceptible pure line and a resistant 
isogenic line, grown in H, victoriae-infested soil in a root 
observation box 21 days after infestation and planting 
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Figure 13. Root development by greenhouse seedlings of a 
susceptible pure line of oats grown in H. 
victoriae-infested soil in a root observation 
box 21 days after infestation and planting 
Z.OI 
Figure 14. Root development by a 1:1 mixture of H_. victoriae-
susceptible and -resistant lines of oats grown . 
in soil infested with the fungus in root observa­
tion boxes 21 days after infestation and planting 
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Figure 15. Root development by H. victoriae-resistant oats grown in soil infested 
with the fungus in root-observation boxes in the greenhouse 21 days 







Experiment 1_ - rates of spread 
This experiment, carried out in a growth chamber, was 
necessitated by failure of the root observation box experiment 
(experiment 6) to give any consistent pattern of spread of 
H. victoriae through the rhizosphere of the pure lines and 
their blend. Thirty sterile, pregerminated seed (their 
preparation is discussed under Materials and Methods chapter) 
were planted 1 inch deep in autoclaved soil in 2-inch clay 
pots. One set of soil (aged) was watered and left standing 
in ventilated clean chambers under laboratory conditions for 
14 days before the pregerminated seed were planted. The 
sterile seedlings were transplanted into a second set of soil 
(unaged) immediately after autoclaving and cooling. The 
composition of the soil was two volumes of sandy loam, one 
volume of peat, and one volume of the soil conditioner, 
verm.iculite (Terra Lite) . 
Inoculation was carried out immediately after planting 
by burying 1 g of K. victoriae "inoculum A" 1 inch deep on one 
side of the pots. The focus of inoculum was marked with a 
sterile toothpick. Dehulled autoclaved oat seed (one/location) 
were buried 1-2 cm below the soil surface at distances of 
2, 4, 6, and 8 cm from the focus of inoculum. These seed 
traps were removed and replaced after every 24 hr with new 
sets of sterile seed. The seed removed were washed five times 
with sterile distilled water, and then isolated on PDA 
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(buffered at pH 5.6) plants in test tubes (one seed/tube). 
The pots were placed in 4-inch clay saucers, and plants 
were watered by filling these saucers with sterile tap water 
every 24 hr. The experimental design was a completely 
randomized one in a 2 x 2 factorial setup, with four replica­
tions for each of the two pure lines, a 1:1 blend of the two 
lines, and bare soil, for a total of 16 pots for group one 
and 16 pots for group two. Plants received 2,500 ft-c of 
fluorescent light for 12 hr/day in a growth chamber for four 
weeks. The isolated seed were labeled carefully and checked 
for the presence of H. victoriae following their incubation 
at 25 C for 21 days. 
The results obtained are presented in Table 40 and in 
Figures 16 and 17. For the unaged soil, it took 9, 18, and 
15 days, respectively, to detect the presence of the fungus 
8 cm from the inoculum focus in the rhizosphere of susceptible 
and resistant oats and their 1:1 blend. Consistently longer 
time periods (13, 23, and 17 days, respectively) were taken to 
detect the presence of the fungus in the rhizosphere of the 
susceptible and resistant oats and their 1:1 blend at the 
same 8 cm distance from the inoculum focus in the aged soil. 
The presence of the fungus at this distance from the inoculum 
focus, in the two groups of soil with no seedlings (C), was 
not detected throughout the four weeks duration of the 
experiment. 
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Table 40. Number of days after planting and inoculation 
before H. victoriae was isolated from the rhizo-
sphere of susceptible (S) or resistant (R) oat 
seedlings, from a 1:1 blend (M) of the two, and 
from soil with no seedlings (C), at varying 
distances from H. victoriae inoculum focus 
Distance from inoculum. (cm) 
Aged autoclaved Unaged autoclaved 
soil soil 
Treatments 2468 2468 
(S) 2^ 5 9 13 2 5 7 9 
(R) 4 7 15 23 3 6 13 18 
(M) 3 6 12 17 3 6 9 15 
(C) 4 10 21^ c 4 9 
^Means of 4 replications. 
^Mean of 2 replications. 
^The fungus presence was not detected. 
Figure 16. The rates of spread of H. victoriae in aged 
autoclaved soil in the rhizosphare of susceptible 
(S) and resistant (R) oat seedlings, of a 1:1 
blend (M) of the two, and in aged autoclaved 
soil with no seedlings (C) 
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Figure 17. The rates of spread of K. victoriae in unaged 
autoclaved soil in the rhizosphere of susceptible 
(S) and resistant (R) oat seedlings, of a 1:1 
blend (M) of the two, and in unaged autoclaved 











0 • l> 0 
0 G l> 0 
o W 3 M 
119 
Experiment 8^ - root exudates in agar 
The aim of this experiment was to investigate the 
influence of root exudates produced by the resistant and 
susceptible oat seedlings on growth of H. victoriae. Six 
sterile pregerminated seed of each line, produced as previously-
described, were transferred aseptically into 21x2.5 cm test 
tubes containing either water agar (WA) or potato dextrose 
agar (PDA). Twenty tubes of each line were kept in con­
tinuous darkness, and a second group of 20 tubes of each line 
was maintained in 2500 ft-c fluorescent light and 12-hr 
photoperiod in a growth chamber. Seedlings grew under these 
conditions at 25C for five days; then they were removed from 
the tubes, and the agar media seeded with spores of a 1-month 
old PDA culture of H. victoriae. This was done by touching 
the surface of the tube-contained agar media in which seedlings 
were previously grown with a needle prerubbed against the 
surface of the fungus culture. The tubes then were incubated 
in the dark for 21 days at 25C, after which they were rated 
for growth of the fungus and photographed. 
H. victoriae growth Growth of the fungus (ultimate 
growth) in the different agar media was rated as profuse 
(+++), moderate (++), sparse (+), or no growth (-). These 
ratings, based on visual observations of the fluffiness of 
the different cultures, are presented in Table 41= 
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Table 41. Comparative growth of H. victoriae on potato 
dextrose agar (PDA) and water agar (WA) in which 
oat seedlings resistant (R) and susceptible (S) 
to the fungus were previously grown for five days 
Growing conditions 
Oat line Agar type 12 hr light No light 
PDA +++  ^ +4-4-
s PDA +++ 4-4-4-
R PDA + 4-4-
WA - -
S WA + 4-
R WA - 4-
^Controls; agar cultures in which no seedlings were 
grown previously. 
= profuse mycelium growth; ++ = moderate growth of 
mycelium; + = sparse or slight mycelium growth; - = no growth. 
The fungus grew more profusely on agar media in which 
susceptible seedlings had been grown previously than on those 
in which resistant plants had been grown (Table 41, Figure 
18). The fungus grew well into holes created by roots of 
susceptible seedlings in the PDA cultures; there was no growth 
by the fungus into such holes created by roots of resistant 
seedlings in the agar (Figures 19 and 20). A single repeat 
of this experiment produced results that were fairly similar 
to those recorded here. 
Figure 18. PDA cultures of H. victoriae in which susceptible (S) and resistant (R) 
oat seedlings had been grown for five days previously 
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Figure 19. H. victoriae cultures on PDA in which susceptible 
seedlings of oats were grown for five days 
previously 
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Figure 20. PDA cultures of H. victoriae on which resistant 




Experiment 9_ - comparative influence of extracted root 
exudates on H. victoriae 
This experiment was conducted to test further the compara­
tive stimulatory or inhibitory effects of root exudates from 
the two oat lines and their 1:1 blend on the following: 
(1) total dry mycelium weight of H. victoriae 
produced in the extracts, 
(2) pH. changes of extracts incubated with the fungus, 
(3) concentration of toxin (victorin) produced by 
the fungus in the extracts, 
(4) spore germination rates of H. victoriae 
in the extracts, and 
(5) H. victoriae sclerotia respiration rates in 
the different root extracts. 
For all extracts, prepared and concentrated as previously 
described, 25 ml were pipetted into 125 ml flasks. About 
1.88 g of sucrose was added to each flask, after which it was 
seeded with 1 ml of H. victoriae cell suspension culture, 
and incubated at room temperature. At intervals of 6, 8, 10, 
12, and 14 days after incubation began, three samples from 
each line were filtered through Whatman No. 1 filter paper 
that had been dried to constant weights at 34C and weighed. 
The filtrate was retained and assayed for victorin concentra­
tion and pH determinations. The filter paper and residue of 
fungus mycelium and spores were dried in 34C ovens for 4 8 
hr before being reweighed. The dry weight of the fungus 
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filtered from each sample was determined by subtracting the 
dry weight of the filter paper before filtration from the 
weight after filtration and drying. 
Dry mycelium weight The greatest amount of fungus 
mycelium and spores (mainly the former) was produced by the 
sixth day of incubation for all extracts. Thereafter, there 
was a decline. On the sixth day, there was a total of 19 mg 
of fungus mycelium per 25 ml sample from the susceptible 
seedlings. This value was over twice that (9 mg/sample) 
obtained for the extract from resistant seedlings and the 1:1 
mixture of the two lines (Table 42, Figure 21). 
Table 42. Dry mycelium weight of H. victoriae incubated in 
root extracts from susceptible CSl and resistant 
(R) oat seedlings, and from a 1:1 mixture of 
both lines (M) 
Incubation 
time (days) (R) 
Treatments 
(S) (M) 

























^Mg/25 ml sample; means of three replications. 
Figure 21. Dry weight of inycelium of H. victoriae grown 
in root extracts from susceptible [s] plants, 
resistant (R) plants and a 1:1 mixture (M) of 
resistant and susceptible plants, following 
incubation for different time periods 








































Seedling roots from which exudates were produced The 
roots and the shoots of seedlings from which exudates were 
obtained were separated carefully, rinsed thoroughly, and 
dried to a constant weight in 34C ovens. The roots of seed­
lings grown in test tubes containing sand weighed 0.58, 0.58, 
and 0.60 mg/10 seedlings for the resistant, susceptible, 
and 1:1 mixture, respectively. 
Comparatively lower values were obtained for seedlings 
grown in test tubes with vermiculite, and for those grown 
between filter paper. However, there were no significant 
differences in the weights of roots and shoots from the 
three treatments (pure lines and mixture) grown in either 
sand, vermiculite, or between filter paper {Table 43). 
Table 4 3. Dry weight of roots and shoots of 10- and 5-day-old 
resistant (R) and susceptible (S) oat seedlings, 
and of a 1:1 blend (M) from which root exudates 
were obtained 
Medium of 
growth Samples (R) 
Oat lines 
(S) (M) 
Sand^ Roots 0.58^ 
in o
 0.60° 
Shoots 0 .57 0.57 0.56 
Vermiculite^ Roots 0.06 0.06 0.06 




shoots 0.17 0.17 0.18 
^10-day-old seedlings. 




pH of extracts pH of filtrates, obtained as 
previously indicated, were determined immediately after 
filtration using Beckman's expandomatic pH meter. There was 
a change in pH from 3.92 to 8.20 for extracts from susceptible 
seedlings. The change in pH of extracts from resistant 
seedlings and from the 1:1 blend were from 4.63 to 8.20 and 
4.20 to 8.30, respectively, following 14 days of incubation 
of the fungus in them (Table 44, Figure 22). 
Table 44. pH of root extracts from a resistant (R) oat line, 
a susceptible line (S), and from a 1:1 blend (M) 
of both lines, following their incubation with 
H. victoriae 
Incubation time Treatments 
(days) (R) (S) (M) 
0 4,63^ 3.92 3.20 
6 5.80 4.60 4.50 
8 6.67 4.82 5.10 
10 7.80 4.91 5.40 
12 8.41 8.10 8.40 
14 8.20 8.20 8.30 
^Means of three replications. 
Changes in pH were more abrupt in extracts from resistant 
seedlings than in either the extracts from susceptible seedlings 
or in extracts from the 1:1 blend of the two lines (Figure 22). 
Figure 22. pH of root extracts from pure lines of resistant 
(R) and susceptible (S) oat seedlings, and from 
that of a 1:1 blend (M) of both lines, following 






















INCUBATION PERIOD (DAYS) 
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Victorin toxin assay A modification of the methods 
used by two groups of investigators (Luke and Wheeler, 1955; 
Pringle and Braun, 1957) was employed. Dehulled seed of the 
susceptible line were soaked in sterile distilled water for 
1 hr and germinated for 36 hr at 25C between sheets of 
autoclaved blotters saturated with sterile nutrient medium 
(Pringle and Braun, 19 57). At the end of this period, 
seedlings with roots 3-4 mm long were selected for uniformity, 
and five such seedlings were placed in each of several petri 
plates containing 5 ml of concentrated and partially purified 
toxin. Control seed were placed in a sterile nutrient medium, 
and sterile distilled water. Seed in toxin, nutrient medium, 
or water were incubated for 60 hr under laboratory tempera­
ture and light conditions. Levels of toxicity and concentra­
tion of victorin were determined by plotting root length 
against different dilution factors, and interpolating from 
the curves obtained the dilution factor required to limit 
root elongation, to 3 cm or less, compared to a sterile 
nutrient medium and distilled water check that averaged about 
6 cm. This dilution factor divided by 1,000 gives the number 
of units of victorin per ml (Luke and Wheeler, 1955). 
The fungus produced 7.0 x 10 units of victorin in 
extracts from susceptible plants after six days of incubation, 
compared to values of 3.3 x 10 ^ and 5.1 x 10 ^ victorin units 
produced in extracts from resistant plants and the 1:1 blend, 
respectively, during the same time period. Highest con­
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centrations of victorin were obtained at six days in all 
extracts. Thereafter, victorin concentrations decreased 
continuously up to the 14th day, after which the experiment 
was terminated. The fungus produced relatively higher amounts 
of victorin in extracts from susceptible seedlings at the 
6th day period than the amounts produced in either the extract 
from the resistant seedlings or in that from the 1:1 blend. 
From the 8th until the 14th day, similar amounts of toxin 
were produced by the fungus in extracts from the susceptible 
line and 1:1 blend; toxin concentration in extract from 
resistant seedlings during the same time period was much 
lower (Table 45, Figure 2 3) . 
Table 45. Amount of victorin toxin produced by H. victoriae 
in root extracts from susceptible (S) and 
resistant (R) seedlings, and from a 1:1 blend 
(M) of both lines 
Treatments 
Days of i ncubation (S) (R) (M) 
6 
_!& 
7x10 3.3x10"^ 5.1x10"^ 
8 6.5x10"^ 1.4x10"^ 5.5x10"^ 
10 4.5x10"^ 1.5x10"^ 5.5x10"^ 
12 5.7x10"^ 4.5x10"^ 3.1x10"^ 
14 2.1x10"^ 2.7x10"^ 2.4x10"^ 
Means of three replications; units of victorin/ml; 
based on 50% reduction of root length compared to roots from 
seedlings grown on a sterile nutrient medium and sterile 
distilled water. 
Figure 23. Amount of the toxin, victorin, produced in root 
exudates from susceptible (S) and resistant (R) 
seedlings, and from a 1:1 blend (M) of the two 
lines, following incubation with H. victoriae 
for 14 days 
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Spore germination Preparations of root extracts and 
of H. victoriae spores used for this study were described 
under Materials and Methods. Into 10 ml of each purified and 
concentrated extract in standard test tubes was pipetted 1 ml 
o f  H .  v i c t o r i a e  s p o r e  s u s p e n s i o n  i n  a  b u f f e r  s o l u t i o n  ( p H  5 . 4 ,  
containing about 5,600 spores/ml). Extracts used were those 
purified and concentrated to give 1 ml/10 seedlings. For 
each extract, three samples were kept in the laboratory, and 
at hourly intervals till the 10th hr, inclusive, the spore-
extract suspensions were shaken. At hourly intervals also, 
a drop of each spore-containing extract was put on a micro­
scope slide, and the number of spores germinating out of a 
total of 300/sample was recorded. The first observation was 
made one-half hr after transfer of spores into the extracts. 
Each extract contained about 500 spores/ml. 
After half an hr of incubation, 16% of the spores in 
extract from susceptible seedlings germinated. This value 
rose to 59% at the end of the 10th hr» Comparable germination 
values for spores in extract from resistant seedlings and in 
that from the 1:1 blend were 12-33%, and 13-42%, respectively. 
The rise was from 4-14% in spores incubated in sterile 
d i s t i l l e d  w a t e r  ( T a b l e  4 6  a n d  F i g u r e  2 4 ) .  
140 
Table 46. Percentage of H. victoriae spores germinating in 
root extracts from resistant (R) and susceptible 





























































^Means of three replications (% germination from 300 
spores/replication). 
Figure 24. Percentage of spores of H. victoriae germinating 
following their incubation in root extracts 
from susceptible seedlings (S), resistant 
seedlings (R) and from a 1:1 blend (M) of the 
resistant and susceptible seedlings for different 
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Root extract from resistant seedlings was tested further 
for its effect on H. victoriae spore germination at a 1:1 
and a 1:9 dilution with sterile distilled water. Results 
(Table 47 and Figure 25) were similar to those of the first 
tests (Table 46 and Figure 24). 
Table 47. Percentage of H. victoriae spores germinating in 






1:1 1:9 «2° 
1/2 12^ 7 4 4 
1 16 10 7 5 
2 21 14 11 7 
3 23 15 13 7 
4 25 16 14 8 
5 26 17 15 10 
6 27 19 16 11 
7 28 21 17 13 
8 30 24 18 14 
9 31 25 19 15 
10 33 27 20 16 
^Root extract concentrated to 1 ml/10 seedlings. 
°Means of three replications (% germination from 300 
spores/replication). 
Figure 25. Percentage of spores of H. victoriae germinating 
following incubation for different time periods 
in different dilutions of root extracts from 
resistant seedlings 
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Respiration rates of sclerotia This test was 
performed to determine the effect of the root extracts on 
the exogenous rates of respiration of H. victoriae sclerotia. 
A Gilson differential respirometer was used for the study. 
Each flask contained 3 ml of extract, 36 mg dry weight (0.50 
g fresh weight) of H. victoriae sclerotia, and, in the central 
well, 0.20 ml of a 10% sodium hydroxide solution. For the 
test of endogenous respiration rate (control) of sclerotia, 
extracts were replaced with sterile distilled water. Tempera­
ture setting of the respirometer was 25C, and readings were 
recorded at intervals of 5-10 min for a 1-hr period. 
Extracts from susceptible seedlings gave values (y liters 
of €>2 absorbed/min) that were consistently higher than those 
obtained with extracts from resistant seedlings. In a 1-hr 
period, 71.90 y liters of oxygen were absorbed by sclerotia 
in extracts from susceptible seedlings, compared to 51.70 
y liters of oxygen absorbed by sclerotia in extracts from 
resistant seedlings. Sclerotia in extracts from filter 
paper on which no seedlings were grown absorbed 40.00 y liters 
of oxygen while, for the endogenous system, only 32.29 y liters 
of oxygen were consumed by sclerotia in a 1-hr period (Tcible 
48 and Figure 26). 
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Table 48. Effects of extracts from resistant (R) and 
susceptible (S) seedlings, and from filter 
papers on which no seedlings were grown (C) on 








5 6.8^ 8.6 7.2 — — — 
10 16.6 18.8 15.5 3.43 
15 20.8 26.0 18.2 — 
20 29.2 34.9 24.6 9.88 
25 30 .6 39.4 25.8 — —— 
30 32.9 42.0 26.8 14.20 
40 36.4 59.7 27.6 19.57 
50 47.6 63.4 35.0 25.37 
60 51.7 71.9 40.0 32.29 
^Flask contents: 3 ml of extracts, 0.2 ml 10% NaOH in 
center well, 36 mg dry wt sclerotia (0.5 g fresh wt). For 
the endogenous test, extracts were replaced with water. 
liters of 0^ uptake (means of three replicates). 
Figure 26. Effects of root extracts from resistant (R) and 
susceptible (S) seedlings, and from Whatman No. 1 
filter paper (C) on the exogenous respiration 
rate of H. victoriae sclerotia 
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A second set of flasks was prepared as described under 
the exogenous respiration experiment above. However, 
sclerotia were left standing in the different extracts for 
24 hr at 25C before their exogenous respiration rates were 
measured in the respirometer. When this was done, sclerotia 
in extracts from resistant seedlings absorbed 26 3.10 n 
liters of oxygen in a 1-hr period (Table 49). 
Table 49. Exogenous respiration rates of H. victoriae 
sclerotia pre-incubated for 24 hours in root 
extracts from resistant (R) and susceptible (S) 
seedlings, and in extracts from filter papers on 
which no seedlings were grown (C) 
Time Exogenous^ Endogenous •u 
(min) (R) (s)b (C) 
^2 
10 36.l^ - 6.0 — —— 
20 84.6 - 14.3 — — — 
30 127. 3 - 21.8 " 





60 263.1 - 50.0 — — — 
^Flask contents; 3 ml of extracts, 0.2 ml 10% NaOH in 
center well, 36 mg dry wt of sclerotia (0.5 g fresh wt). 
^Samples were lost due to accidental contamination of 
samples during preparation. 
liters of O2 uptake; means of three replications. 
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This is a much higher value than the 51.70 y liters of 
oxygen absorbed by sclerotia that were not pre-incubated for 
24 hr in the first experiment. No readings were taken for 
the exogenous and endogenous respiration rates of sclerotia 
in extracts from susceptible seedlings, and in water, 
respectively, due to accidental contamination of these 
samples by the sodium hydroxide during their preparation. 
A repeat of the study was not possible due to limiting factors 
of time, materials, and some facilities. 
Experiment 10 - analysis of root exudates 
This experiment was carried out to determine the follow­
ing: 
(1) reducing sugar contents of the different 
root extracts, 
(2) total carbohydrates ; 
(3) total a-amino nitrogen, and 
(4) identification of the sugars and the amino 
acids in the root extracts. 
Reducing sugars For the determination of reducing 
sugars, the dinitrosalicylate method (Lucksinger and Cornesky, 
19 62) was used. A color reagent was prepared as follows: 
one gram of 3, 5-dinitrosalycylic acid in 20 ml of 2N sodium 
hydroxide and 50 ml water were mixed and added to 30 g of 
potassiuz-sodium tartrate. This solution was diluted to 
100 nil with water and stored in a sealed bottle. To 0.50 ml 
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of standard sugar solutions or extracts were added 0.50 ml 
water and 1 ml of the color reagent. These mixtures were 
heated in a boiling water bath for five minutes and then 
cooled. Readings of optical density were dt 540 mu. 
On a single seedling basis, a total of 23 ug of reducing 
sugars was detected in the extract from susceptible seedlings 
grown in sand. The comparative amounts exuded by roots of 
resistant seedlings and of the 1:1 blend were 8.50 and 
18.00 vg/seedling, respectively. These results, as well as 
the comparable lower values from seedlings grown in vermicu­
lite, are shown in Table 50. 
Table 50. A comparison of total reducing sugar constituents 
of root extracts from 10-day old resistant (R) 
and susceptible (S) oat seedlings, and from 
a 1:1 blend (M) of the two lines 
Reducing sugar 
(ug per seedling) 
b c Samples From vermiculite From sand 
(S) 5.30 23.30 
(R) 1.50 8.50 
(M) 3.50 18.00 
•^Data reduced to a single seedling basis; optical 
density was taken at 540 mu. 
^Seedlings grown in vermiculite. 
^Seedlings grown in sand-
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Total carbohydrates To determine the total carbo­
hydrate content of extracts, zhe phenol sulfuric acid 
calorimetric method (Hodge and Hofreiter, 1962) was used. 
I added 1 ml of 5% phenol solution into 1 ml of extract 
(after an appropriate dilution), or of standard sugar solu­
tions containing from 10-70 yg of sugar. Blanks were prepared 
with 1 ml of water in place of sugar solutions or exudates. 
After thorough mixing, 5 ml of 95% sulfuric acid was added 
from a fast-flowing pipette in a calorimetric tube. After 
10 minutes, the tubes were reshaken for better mixing and 
then put in 25-30C bath for 20 min. The yellow-orange color 
reading for absorbance was then made at 480 my for pentoses, 
uronic acids, and their methylated derivatives, and at 490 my 
for hexoses and methylated hexoses. The average absorbance 
of the blanks was subtracted and the amount of sugar determined 
by reference to a standard curve previously prepared. 
The sample from susceptible seedlings grown in sand 
showed considerably higher values of total carbohydrates/ 
seedling than those from resistant seedlings and the 1:1 
blend. Exudates from susceptible seedlings showed values of 
57.00 and 50.66 yg/seedling of pentoses and hexoses, re­
spectively, compared to the values of 36.00 and 32.00 yg/ 
seedling found in extracts from resistant seedlings. 
Relatively high values of 49.00 and 46.00 yg/seedling were 
found in extracts from the 1:1 blend. Also, the same trend 
was shown by seedlings grown in vermlculite. Susceptible 
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seedlings produced higher values for total carbohydrates 
in their extract than those produced by the 1:1 blend, which 
in turn had values higher than those found in the extract 
from resistant plants. These results are presented in 
Table 51. 
Table 51. A comparison of total carbohydrate constituents 
of root extracts from 10-day old resistant (R) 
and susceptible (S) oat seedlings, and from a 
1:1 blend (M) of both lines grown in sand or 
vermiculite 
Total carbohydrates 
At 480 mij^ At 490 my^ 
Samples Sand Vermiculite Sand Vermiculite 
(S) 57.00^ 12.00 50.66 10.91 
(R) 36 .00 6 .08 32.00 5.00 
(M) 49.00 8.32 46.00 6.75 
^Readings for pentoses, uronic acids, and other 
methylated derivatives. 
^Readings for hexoses and methylated hexoses. 
^Ug/seadling; data reduced to single seedling basis. 
g-amino nitrogen In the determination of a-amino 
nitrogen, a modification of the method recommended by 
Lucksinger and Cornesky (1962) was followed. Into clean test 
tubes, 0.50 ml of each extract, or of a standard amino acid 
(concentration range of 1.00-4.00 %g/ml), was pipetted. 
Duplicate determinations were made for each sample, and the 
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test tube placed in a boiling water bath for 15 min. The 
tubes contents then were cooled in cold tap water, diluted with 
5 ml of 50% ethanol, and kept in the dark, until read in a 
Beckman's Spectrophotometer 20. For the quantitative 
determination of a-amino acids in exudates, a standard curve 
was prepared from a standard amino acid. 
To prepare the ninhydrin reagent, 2 g ninhydrin and 
200 mg hydrindantin were dissolved in 50 ml methyIcellosolve. 
When the solids were completely dissolved, 50 ml sodium 
acetate, buffered at pH 4.65, were added. This reagent was 
used immediately after its preparation. 
As with reducing sugars and total carbohydrates, the 
constituents of a-amino nitrogen exuded by seedlings grown 
in sand showed the same pattern. Extracts from the suscept­
ible seedlings had values of 5.00x10 Ug/seedling, while 
those from resistant seedlings and seedlings of the 1:1 blend 
had 3.65xl0~ and 4.30x10~ Ug of a-amino nitrogen/seedling, 
respectively. Again, samples from seedlings grown in 
vermiculite had lower values than those grown in sand, but 
the trends were the same. These results are shown in Table 
52. 
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Table 52. A comparison of the a-amino nitrogen constituents 
of root extracts from 10-day old resistant (R) 
and susceptible (S) oat seedlings, and from a 1:1 
blend (M) of the two lines grown in sand and 
vermiculite 
Total a-amino nitrogen 
(Ug/seedling) 
Samples From sand From vermiculite 
-2^ —3 (S) 5.00x10 ^ 4.69x10 
(R) 3.66x10"^ 2.95x10"^ 
(M) 4.30 xlO"^ 3.28x10"^ 
^Readings at 5 70 my. 
Identification of sugars and amino acids For sugars, 
one-directional descending paper chromatography was employed; 
for amino acids, two-directional descending paper chroma­
tography was used. These methods are described under the 
Materials and Methods chapter. 
Only a single spot was produced in the chromato grams 
spotted with the extract from susceptible seedlings. This 
spot was identified as fructose by comparison with standard 
sugars. No spot was found in chromatograms spotted with 
either the extract from resistant seedlings, or that from 
seedlings of the 1:1 blend. 
In contrast, chromatograms spotted cind developed for 
amino acid identification revealed several spots. Identifica­
tion of these spots was based on comparison with spotted 
standard amino acids. Intensity of the spots, based on 
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visual comparison, was rated (+++) for intense spotting, 
(++) for moderate, (+) for trace, and (-) for no spotting. 
The amino acids identified and rated as indicated are pre­
sented in Table 53. 
Table 53. Intensity ratings of the amino acids identified in 
root extracts of resistant (R) and susceptible 
(S) oat seedlings, and in that of a 1:1 blend (M) 
of the two lines^ 
Amino acid (R) 
Samples 
(M) (S) 
a-amino butyric acid - + ++ 
Alanine + + +++ 
Arginine - - + 
Aspartic acid + + +++ 
Glutamic acid -r + +++ 
Glutamine - - + 
Glycine - 4- 4-4-
Leucine - + 4-4-
Proline - - 4-
Serine + + 4-4-4-
Threonine + + -+++ 
Tyrosine - - 4-
Unidentified - + 4-
Unidentified - + 4-
Unidenti fied -r 4- 4-
Valine - -r 4-4-
1 r-r = ilitSnSG 
- = no spotting. 
spotti ng, 4- = trace,- and 
The five amino acids exuded most abundantly by suscept­
ible seedlings were alanine, aspartic acid, glutamic acid, 
serine, and threonine. Moderate amounts of a-amino butyric 
acid, glycine, leucine, and valine also were found in the 
extract from the susceptible seedlings. Only trace amounts 
of these amino acids were found in the extract from the 1:1 
blend, and several of them were lacking in the extract from 
the resistant seedlings (Table 53). 
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DISCUSSION 
In this study, I investigated three major aspects of 
the epiphytotic development of H. victoriae. The first of 
these dealt with the use of yields of field blends of H. 
victoriae-resistant and -susceptible oat lines as an index 
of the disease tolerance (if any) of the blends over pure 
stands of the components. The second point dealt with the 
use of greenhouse seedling disease incidence to estimate the 
extent (if any) to which resistant seedlings in blends buffer 
susceptible seedlings against H. victoriae infection. 
Finally, I investigated the relative abundance and composi­
tion of root exudates produced by the pure lines and their 
blends, and the possible roles of exudates in explaining the 
results of the first two aspects. The discussion that 
follows centers on these three aspects, as well as on the 
relevance of crop blends and heterogeneity to current 
agricultural practices. 
Yield Components 
Data from seed weight and kernel density are believed 
to be more precise measures of host response to pathogens, 
particularly crown rust (Simons, 1965; Simons and Browning, 
1961), than those from yield. Such data are particularly 
valuable in experiments that do not have provisions for 
variations due to factors other than disease. By using yield 
data in such a situation, the effect of the pathogen is 
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believed, at least in theory, confounded with factors affecting 
all components of yield (Simons and Browning, 1961). 
In my studies, however, provisions were made for the 
important factors affecting yield, such as those discussed 
by Frey and Wiggans (1957), and by Grafius (1955). The 
use of isogenic lines of the same maturity and yielding 
capacity under disease-free conditions (Table 26) ensured 
the elimination of variables that are most likely to affect 
yield differentially. The significance of this is that my 
use of bundle weight, grain yield, and seed test weight as 
indices of tolerance of the blends and pure lines of oats 
to Victoria blight was adequate and effective. 
Results of my 1967-68 greenhouse experiment (Table 26) 
indicate that bundle weight and grain yield of the susceptible 
oats may be significantly depressed, if H. victoriae inoculum 
is applied within three weeks of planting. And the data 
supplied by w 1969 field experiment 2 (Tables 21, 22, 23 
and 24), and those from my H. victoriae rates of spread 
experiment (Table 40) indicate that the fungus could easily 
spread well over 6 inches through the rhizosphere of suscept­
ible oats within three weeks. These results are fairly similar 
to those of Buchenau (1960) , and suggest that the time and 
method of inoculation of my 19 6 8 field experiments were 
effective. 
All diseased plants isolated from both the rows of 
blends and pure lines at about five weeks after inoculation 
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revealed the presence of the fungus. The appearance of 
plants with disease syirptoms and the isolation of the fungus 
from such plants, even among the pure stands of resistant 
plants, are not unusual. It has been shown (Cowing, 1952; 
Paddock, 1953) that resistant oat plants may be invaded to 
some extent by H. victoriae. Cowing (1952) also showed 
that resistant plants may develop disease symptoms under 
adverse environmental conditions, such as continuous darkness 
or continuous light. 
The bundle weight yield from 196 8 field experiment one 
(Table 4) showed that blends with 20% or more resistant 
plants significantly outyielded the inoculated pure stands 
of susceptible plants. The increase in yield of the blend 
with only 20% resistant plants over the pure stand of 
susceptible plants was 10%. Blends with 90% resistant plants 
had bundle weight yield increases of 14% and 4% over the pure 
stands of susceptible and resistant plants, respectively. 
The yields of blends with 20-90% resistant plants were higher 
than those of the pure stands of resistant plants, though 
not significantly so. 
The pattern of increase in grain yield was similar to 
that observed for bundle weight. Blends with 20% resistant 
plants had yields 17% over those of pure stands of susceptible 
plants (Tables 7 and 8), But the increase of grain yield 
of stands with 80% resistant plants over those of the pure 
stands of susceptible plants was much higher (34%). This 
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value is very close, indeed, to the 32% estimated crop loss 
due to Victoria blight in 19 47 (Stakman and Christensen, 
1960). However, only the blends with 80% and 90% resistant 
plants had grain yields higher than those of the pure stands 
of resistant plants; these differences were not significant, 
however. 
For seed test weight, only blends with 40% or more 
resistant plants had values significantly higher than those 
of blends with lower proportions of resistant plants, as 
well as those of the pure stands of susceptible plants 
(Tables 9 and 10). Only 6% and 10% increases were found in 
seed test weight of stands with 40% and 90% resistant plants, 
respectively, over those of seed from pure stands of suscepti­
ble plants. As with grain yields, the seed test weight of 
blends with 80% and 90% resistant plants were more, though 
not significantly so, than the seed test weight of pure 
stands of resistant plants. The seed test weight results 
are more conservative than those of the grain yield, which 
in turn are more conservative than the bundle weight results. 
This may be due to the fact that of the three data, test 
weight, followed by grain yield, is probably the most precise 
measure of tolerance of the blends to Victoria blight, in 
this study at least. 
These increases in bundle weight,- grain yield, and seed 
test weight of all the blends over the susceptible pure 
line, and of several of the blends over the resistant pure 
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line, cannot be due to disparity in blend compositions and 
plant stands. The seedling- and mature plant-stand counts 
of 1969 experiment one (Tables 18, 19 and 20), and of the 
seedling emergence results of the 196 8 greenhouse experiment 
(Tables 30 and 31) showed that the blends were well composed 
for uniformity in plant stands. Also, the differences 
cannot be due solely to the increasing proportion of resistant 
plants in the blends; increases in yields were more than the 
increases in the proportion of resistant plants in the 
blends (Table 11). As shown in Table 11, all the expected 
values for all the three yield data, calculated from the 
potential yields of the two pure lines, consistently were 
less than the observed values. 
Also, yield differences were not due to the effect of 
crown rust on the two lines . There was only a very mild 
incidence of rust in the summer of 196 8 when the experiment 
was performed. Also, there was no observable differential 
adult plant responses of the two lines to the prevailing 
races of crown rust. 
Yield increases of the blend over those of the pure 
lines may, therefore, be explained on the basis of their 
differential response to H. victoriae infection and, conse­
quently, to the degree of protection or buffering offered 
susceptible plants by the resistant plants present in each 
blend. The results of the disease index, and those of the 
lodging index (Table 12) further indicate that this may be so. 
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These differences in response and tolerance that have 
resulted in higher yields for the more tolerant blends may 
be further explained on the basis of a greater number of 
adventitious roots developed by the blends. Pinthus and 
Eshel (1962) suggested that grain yield may be related to 
the number of adventitious roots/plant. Black (1970) also 
found that grain yield predictions based on number of 
adventitious roots/plant were more reliable than predictions 
based on tiller counts. He reported that early formation 
of adventitious roots was necessary for the formation 
of head-producing tillers. Also, he showed that positive 
linear relationships exist among number of adventitious 
roots/plant, number of head-producing tillers, and final 
grain yield. Results of my greenhouse root observation box 
experiment (Table 39, and Figures 12, 13, 14, and 15) would, 
therefore, indicate that the fungus-induced retardation of 
root development by susceptible plants in pure stands was 
probably a main cause of yield reduction in those stands. 
Such root reduction also may explain the' greater amount of 
lodging (Table 12) found among pure stands of susceptible 
plants, and among blends with high proportions of susceptible 
plants. 
failure to detect significant differences between 
the yields of plots interplanted with alfalfa and those 
without alfalfa in 1968 field experiment 1 (Tables 3, 6, and 
9); may be due to the poor stands of alfalfa caused by frost 
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damage to the alfalfa early during the growing season. The 
alfalfa stands in that experiment were rated almost four 
times below the ratings for stands in 1968 experiment 2 in 
which the effects of alfalfa were highly significant on both 
grain yield and seed test weight (Tables 16 and 17), and 
significant on bundle weight yield (Table 15). Jacobs (1967) 
reported depressing effects of alfalfa on the yields of 
several gramineous species. 
However, the failure of the alfalfa to produce any 
significant interaction with the blends may be regarded as 
real. Both in the two field experiments of 1968, as well as 
in the greenhouse experiment of 1968 (Tables 30, 31, 32 and 
34), there was no significant interaction of alfalfa with 
blends. The lack of interactions in this situation may 
mean simply that alfalfa, a non-host of H. victoriae, had 
little or no influence on the depression or increase of the 
fungus inoculum potential. Other host plants, e.g. English 
pea, need to be tried in further studies to throw more light 
on this point. 
The absence of significant differences among the bundle 
weight, grain yield, and seed test weight results of it^ 196 8 
field experiment two (Tables 14, 15, 16 and 17) may be 
explained by either of the following two reasons, or both. 
Critical greenhouse pathogenicity tests revealed that the 
two lines used in that experiment. No. X469-66 3 (S) and No. 
X469-701 (R), were mildly susceptible and mildly resistant. 
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respectively, to the strain of H. victoriae used for the 
study. The two sister selections were near-isogenic for most 
other characters, and even their differential response to 
H. victoriae was very narrow. It is, therefore, not surprising 
that the so-called resistant line [line No. X469-701 (R)] 
was unable to protect the mildly susceptible line [line No. 
X469-663 (S)] against H. victoriae attack. Like the homo-
competition of alfalfa stands, defined by Rumbaugh (1970) 
as a propagule of a clone competing against other propagules 
of the same clone, yield differences among pure stands and 
blends were not expected and were not found in this study. 
This finding puts strong validity on the results of my 196 8 
experiment one, in which significant differences were found 
among blends and pure lines. Distinctly and highly resistant 
and susceptible isogenic lines [No. X424 (R), and No. X423 
(S), respectively] were used in that study. 
A second reason that may account for lack of difference 
in the yield data of my 196 8 experiment two is that already 
mentioned under the Results chapter. The experiment was 
unknowingly planted over a field that had been sown to oats 
earlier in the season. It is possible that the efforts made 
to weed out the unwanted contaminating oats were not very 
successful. 
Reports on the superior performance of crop blends over 
their monocultures are numerous. Seven or 10 soybean line 
mixtures were found by Brim and Schutz (196S) to yield more 
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than the best component of the mixtures. Similar results 
have been reported for oats (Browning and Frey, 1969), for 
corn (Pendleton and Seif, 1962), for wheat (Jensen and 
Federer, 1964), and for a host of other crops, such as rice, 
barley, and alfalfa. Brim and Schutz (1968) introduced the 
term "over-compensation" to describe responses in which a 
genotype's reproductive ability is enhanced in competition 
with another genotype while depressing the reproductive value 
of its competitor by a lesser amount. But most of these 
studies on crop blends and competition have centered on 
agronomic variables such as plant height and row spacing; 
comparable investigations with diseases, particularly root 
diseases, are lacking (Browning and Frey, 1969). The results 
of more studies, such as those reported herein on the role 
of root diseases in depressing yields of crop blends, are 
needed. 
Influence of Root Exudates on Inoculum 
Potential and Disease Incidence 
My analysis of the root extracts showed that the 
susceptible seedlings consistently leached greater quantities 
of total carbohydrates, reducing sugars, and a-amino acids 
than the resistant seedlings, and the seedlings from the 1:1 
blend. Rovira's (1956a) analysis of oat root extracts showed 
that glucose, fructose, and several amino acids were present 
in the leachates from 10-day old seedlings, but not from 
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20-day old ones. Gowing (1952), in his analysis of pressed 
juice from oats for amino acids and reducing and non-reducing 
sugars, could find no metabolites or classes of substances 
in a quantitative level that could be held responsible for 
the H. victoriae resistance of Clinton over Comellian oats. 
But Wheeler and Black (1963) found that very dilute 
culture filtrates of H. victoriae can cause permeability 
changes that are expressed earlier than other measurable 
responses in susceptible oats. No such permeability changes 
were found in H. victoriae-resistant oat tissues. Doupnik 
(1968) reported that an oat variety susceptible to Victoria 
blight was more sensitive to deficient calcium and strontium 
than was a resistant variety. The susceptible oat had an 
increased electrolyte loss and increased severity of visible 
disease symptoms under those conditions. Presumably, we 
are dealing with a very sensitive system. As such, the cell 
walls and membranes of the susceptible seedlings may have 
been mere adversely affected by the environmental conditions 
of the K. victoriae-free test tubes in which the seedlings 
were grown than the membranes and cell walls of the resistant 
seedlings. 
Such a preposition may not be unreasonable and is not 
without precedent. Differential cell wall and membrane 
permeability of the two lines may be involved. Cell walls 
are believed precisely determined, and the concept of specific 
resistance and susceptibility has been based cn the presence. 
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absence, or alteration of one or more of the macromolecules 
that make up the cell wall {Albersheim et , 1969). The 
composition of plant cell wall polysaccharides changes 
dramatically during seedling development. Nevins e^ al. 
(196 8) found significant differences in the rates of change 
in wall composition, even between varieties of the same 
species. It is suggested, then, that changes in cell wall 
permeability may be partly responsible for the differences 
in the amount of leachates from the resistant and the suscepti­
ble lines. It is possible that, through less drastic modifica­
tions, the cell walls of the resistant plants may have 
become barriers to free permeation. Currier (19 57) reported 
that even slight injury may result in rapid deposition of 
cellulose on primary cell walls, and changes in pectin often 
have been associated with disease (Wood, 1960) . 
Increased permeability of the cell membranes of the 
susceptible seedlings over those of the resistant plants also 
may have played a role in my results. Thatcher's (1943) 
nutrition hypothesis is based on the fact that altered 
permeability of host cell membranes is constantly associated 
with disease, and that an increase in host cell permeability 
is characteristic of susceptibility, whereas a decrease is 
found with resistant reactions. Such differential membrane 
permeabilities have been reported for oats (Black. 196 3; 
Doupnik, 1968), for wheat (Thatcher, 1942),and for a host 
of other crops. These results strongly suggest that membranes 
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of susceptible cells may be more readily disrupted by external 
stimuli and are less capable of self-repair than those of 
resistant cells. 
Other factors may be involved, including differential 
rates of sugar utilization by resistant and susceptible oat 
seedlings during germination and subsequent growth. Abdul-
Baki and Anderson (19 70) reported that leaching of sugars 
from germinating barley seed appeared to be regulated 
primarily by the rate of utilization of such sugars during 
germination rather than by changes in membrane permeability. 
Whether this also is true for oats is not known, and this 
should be investigated. Perhaps a unique system, peculiar 
to the susceptible seedlings, makes them utilize less sugars 
and amino acids during germination, and consequently causes 
them to leach more of these substances to their outside 
environment. 
These differences in leachates between the two oat 
lines and their 1:1 blend may also have accounted in part 
for the increased disease incidence in the blends with 
increasing proportions of susceptible plants in them (Tables 
12, 33, 34, 35, 37 and 38). Several mechanisms by which 
plant exudates may influence disease incidence have been 
discussed by Schroth and Hildebrand (1964). Garret's (1960b) 
concept of inoculum potential is based largely on the in­
fluence of nutrients and plant exudates on microorganisms. 
Results of my diseased seedlings experiment (Tables 32 and 
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34) indicate that disease incidence increased with increase 
in H. victoriae inoculum density. 
But since the decrease in disease incidence appears to 
be less than the increase in the proportion of resistant 
plants in the blends, it is possible that an additional 
mechanism may be involved. The most probable one could be 
the leaching by the resistant seedlings of substances that 
are toxic or inhibitory to the rapid growth of H. victoriae. 
Growth of the fungus on exudates produced on PDA and water 
agar (Table 41 and Figure 18) indicate that this may be so. 
However, the consistent excess of sugars and amino acids 
found in the root extracts of susceptible plants over those 
of resistant plants, and over those of blends, as well as 
the differential influence of these exudates on H. victoriae 
spore germination and sclerotia respiration rates (Tables 
47, 48 and 49) weigh heavily in favor of the first hypothesis. 
They support the concept of the influence on the host-pathogen 
relationship conditioned probably not by excesses of a 
resistant host metabolite, but instead by a reduction of the 
amount of metabolites essential for efficient pathogenicity. 
Allen (19 59) reviewed this concept. 
Crop Blends and Genetic Diversity 
Apart from the immediate benefits of reduced disease 
incidence and increased yields of blends over those of pure 
lines reported in this study, -he overall importance of 
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deliberately compounded crop mixtures lies in their long 
term adaptability in response to disease. There is evidence 
(Browning and Frey, 1969; Hutchinson and Ghose, 1937) to 
suggest that deliberately produced heterogeneity of crop 
populations has much to offer in terms of improvement in and 
stability of performance, especially with regard to disease 
reactions. 
The incidence of a disease may be correlated with 
population structure (Yarwood, 19 70). Broadly, variable 
populations are less subject to severe disease attacks than 
uniform ones. The reasons for this are that such hetero­
geneous populations do not select uniformly virulent pathogens 
and that, being heterogeneous, they are buffered against 
attack. Victoria blight is a "new" disease that developed 
in response to a new oat variety—a situation in which a 
"new" pathogen evolved (or at least, became widespread) in 
response to a new, uniform, and widespread crop genotype. 
The various Fusaria, Phytophthera, and many other soil-
inhabiting fungi may have evolved, presumably from soil-
inhabiting organisms, when agricultural conditions selected 
for them. 
With minor crops, root diseases and other diseases caused 
by less mobile pathogens—the small-interest diseases of Van 
der Plank (136 3)—the rate of change is expected to be less. 
But significantly enough, the work of Ullrich, cited by 
Hutchinson and Ghose (19 37), revealed that new strains of the 
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pathogen that causes the wart disease on potatoes, 
have been found in continental Europe. Thus, there is reason­
able certainty that more, and new virulent strains will ulti­
mately evolve in homogeneous than in mixed plantings. 
Advocates of heterogeneity correctly believe in the 
assumption that in time, oligogenic resistance to plant 
disease will always be overcome. By contrast, heterogeneous 
populations that are polygenic in resistance contain the 
pathogen rather than repel it; and they are certainly some­
times, but perhaps generally, more stable. The result is a 
constant low level of attack rather than the alternation 
of immunity and epiphytotics—Suneson's (1960) "boom and 
burst cycles." These advantages of a polygenic resistance 
have long been shown for potatoes (Gallegly and Niederhauser, 
1960), and Van der Plank (1960) has elaborated on the 
epidemiological aspects of a polygenic resistance to stem 
rust of wheat which delays the pre-epidemic multiplication 
of the pathogen sufficiently to reduce subsequent attack. 
The summary of all this is that there is no assured 
permanence in oligogenic resistance since oligogenic resistance 
invites the rapid evolution of new virulent pathogenic strains. 
The long term, most efficient system would seem to be hetero­
geneous oligogenic resistance superimposed on a homogeneous 
polygenic resistance in the background. This appears to be 
the system evolved by the wild potatoes of Mexico, under 
the severest known conditions of late blight attack. It also 
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appears to account for the unimportant presence of maize 
rust in the outbred corn of Mexico (Simmonds, 19 59), and 
for the severe incidence of this disease in isolated maize 
populations so narrowly based genetically that resistance 
genes are absent—as in tropical Africa (Storey et a^., 1958) . 
Perhaps the most striking of all is the stem rust of wheat 
(Borlaug, 1959) and the crown rust of oats (Jensen, 1952) 
in North America in which epiphytotics followed on uniformity. 
Significantly enough, the greatest hopes of overcoming 
these man-made problems currently appear to lie in the use 
of multiline varieties (Browning and Prey, 1969). 
Apart from Allard's (1961) study of mixtures of lima 
beans, and the work of Hanson et (1952) on Kentucky blue 
grass (Poa pretensis), the bulk of the very limited studies 
on the utilization of specific population adaptation is 
among small grains. For other crops, evidence is almost 
non-existent. This may be due to the fact that advanced 
agricultures tend to reduce variablility within limits 
imposed by the mating and propagation systems of the crops; 
deliberately maintained variability exists mainly in less 
advanced agricultures (Hutchinson and Ghose, 19 37). But 
one could conceive of heterogeneity's making contributions 
to the now highly diseased, intensively cultivated mono­
cultures cf corn and soybeans in the Corn Belt. Where major 
genes are available, the possibility of incorporating root-
disease buffering, polygenic resistance into the new 
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multiline varieties of oats, wheat, and other crops should 
be considered. At least my results suggest that crown 
rust resistance of Avena sativa L. 'Victoria' can be used 
in the new multiline varieties of oats without fear of crop 
losses due to Victoria blight. 
Even where major genes are unavailable, heterogeneity 
can and should be studied in crop mixtures for its practical 
applications in controlling Fusarium, Helminthosporium, 
Pythium, Rhizoctoria, and other root diseases of cereals, 
grasses, and many other crops. Also, root crops and densely 
planted orchards may benefit from crop mixtures. Hetero­
geneity offers a promise for limiting crop losses due to 
insects (Suneson, 1960), and should be tried for the control 
of corn root worm, nematodes, bacteria, and other soil 
pathogens . 
The system seems clear enough, but a systematic search 
for favorable combinations and study of the interactions 
that govern the performance of heterogeneous crop blends 
are still lacking. Critical studies are needed on crops 
other than the small grains on which most of the work on 
heterogeneity has been done, on genotypically understood 
combinations, on varied population stands, and on the 
mechanisms of the interactions involved. 
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SUMMARY AND CONCLUSION 
Clintland-type isogenic oat lines, developed from 
crosses with Ascencao and differing in resistance and 
susceptibility to H. victoriae, were studied in H. victoriae-
infested soil in pure and mixed stands in field and green­
house. Bundle weight and grain yield of field blends con­
taining 20% or more of resistant plants, and the seed test 
weight of blends with 40% or more resistant plants, were 
significantly higher than those of pure stands of susceptible 
plants. These increases were more than the increase in the 
proportion of resistant plants in the blends. The number 
of roots in greenhouse seedlings grown in root-observation 
boxes also increased in excess of the proportion of resistant 
plants in the blends. Increase in H. victoriae spore popula­
tion and spread of the fungus in soil were greater in the 
rhizosphere of susceptible plants than in the rhizosphere of 
resistant plants, and in that of a 1:1 blend in field and 
growth chamber experiments. The percentage of diseased 
seedlings was not proportional to that of susceptible plants 
in greenhouse blends; consistently, fewer susceptible 
seedlings became diseased in blends than in pure lines. 
Root extracts from the two oat lines and from their 1:1 
blend were analyzed for total carbohydrates, total reducing 
sugars, and total a-amino acid content. Paper chromatography 
was used to identify the individual sugars and amine acids 
present in the extracts. Influence of the extracts on rates 
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of germination of H. victoriae spores, on sclerotia respira­
tion, on growth, and on toxin (victorin) producing capacity 
was studied. 
Abundant amounts of alaline, aspartic acid, glutamic 
acid, serine, and threonine were found in root extract from 
susceptible seedlings. Only trace amounts of these amino 
acids were found in root extract from resistant seedlings, 
and from those of a 1:1 blend. Fructose was detected only in 
extract from susceptible seedlings. Extract from susceptible 
seedlings also showed 37% (at 480 my reading) , 64%, and 27% 
more total carbohydrates, total reducing sugars, and total 
a-amino acids, respectively, than those found in extract 
from resistant seedlings. The fungus grew more profusely, 
produced higher amounts of victorin, and had higher rates of 
spore germination and sclerotia respiration in root extract 
from susceptible seedlings than in that from either resistant 
seedlings or from the 1:1 blend. 
The buffering of susceptible plants from H. victoriae 
infection by resistant plants in mixture is suggested. 
The results may support the concept of the influence on the 
host-pathogen relationship conditioned probably not by excess 
of a resistant host metabolite, but instead by the reduction 
of the metabolites essential for efficient pathogenicity. 
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